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(54) MAGNETORESISTANCE ELEMENT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a vertical current 
type magnetoresistance element for achieving low 
anti-magnetic force, high MR, and high heat resistance 
that have been difficult conventionally. 

SOLUTION: The magnetoresistance element includes an 
intermediate layer and a pair of magnetic layers for 
pinching the intermediate layer while a free magnetic 
layer or a fixed magnetic layer out of the magnetic 
layer is a multilayer film made of at least a layer of 
non-magnetic body layer and a magnetic layer for 
pinching the non-magnetic body, and an element area 
that is prescribed as the area of the intermediate layer 
for allowing current that flows vertically to the film 
surface to pass is 1 ,000 ^m2 or less. 
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( 2 ) 

1 

m&mtifgfr. Hu§38H4ja©-#fr, ftb^©^sa<t 

!>, jffllBgafltttJRtfx 'J>& < i: 1 «©#&£<*/■ 

tpmmommii \sxm%.ziizm : ?mmmoooum > tm 
[«*«2] smm&mammifi, m?mm£*)t>& 10 

@ (mtt 1 W±©g&) KEffi£ftfc&tt#:JI£fi&eE# 
lmi:U iiui3&ttttJgm©¥J9g§ffii&rti£Mm, ¥^ 
MJPSdmfc-eft^ftS^bfcfctfc:, mftHSHK'C&S 
Jl©Mmxdm©*g;S]fr\ mfr*£|$re&3/B©Mmx d 
m©Jgg^q^Re<J^c^bV^fif:£J^^ 1 tc§3@©^ffita^ 

[if*«4] #8SffiJB©JP;*dfr, 2. 6 nm^d< 
1 0 nm©$5BfcfcS«f:£J£i 3 {c33«©^}g^dF. 20 

Jg©MmXdm©$gfnfr\ mtHg,i8.X$>Z>m<DMmx d 
m©^|nfcffl®-rs»*J« 1 2 £S3l£©®JiitfSin; 

[M&B6] #SH£Jg©JS*dfr, 2. 6 nm^d< 

1 0 nm©^ffl{zfeSi»*JS 5 £Ett®8fS8&tAX?. 
[ffi:ftB7] #&&jl©JS**dfr, 0. 3 nm<d< 30 

2 . 6 n mCD«5HJC 5 Iftsftg 5 KlffllUDttSUfittS 

ttt*«8) SasaSJgfr, (flHJS«!l«t»>IBK:«UB$ 

1. 1< (Mlxdl+M2xd2)/S<20 
(fc*=U Sli, Ml xd l-M2xd2(DWt<AX'Sb 

3 b, fro, 40 
<DM1 xd 1 -M2 xd 2 > OT&S i:§£J±, bu§3^ 
l&a#Jf ©^Sflgypd 1 IS, d 1 1 = (M 1 x d 1 
-M2xd2) /MltbT, 

©Ml xd 1 -M2 xd 2<0t-feSi:$JcH:, mjg3^ 
2&&#g©*£!jBlff d 2 2S, d 2 2= (M2xd2 
-Ml xd 1) /M2ZVX. 

mttrnttimmd 1 1 *ti±d 2 2 fci5i3ga^se©H 

}fctt£:frt>5l<«>£>ftS, ^gCM#©EPAD*(Sj{c*5JtSB« 
83SS^14®0®rt©SS£#^|g(<&Nmi:1-Si:, Nm 
<0. 0 2T-fc£lf:£fl5~7©V^*lfr£s3«&©i&3ll 50 
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nfc, IBlltttttJI, #«£tt«g, Sg2&£<*Jffc^ 
*x it«i3!gl&te<*JI©¥i9]8&J*£d l, ¥JSfiS«HK<b 
SMI, iiiiiBSg 2&&fl;Jl©5pi9BSJP£d 2, ¥^1^*1 
«&b * M 2 i: n-ena^ L fc i: § 
M2xd2>Ml xd lfrJ5££b, fro, 
SUBS 2tt£ttfll#Kfl«£««4^feH:Sftfi|tt«^^ 
fltJ&Stl, huI3^ 1 i&te#«fr<i>& < i: ^RSil i:©# 
(ST-ttiiSX t >£«*mfr P,^$tlT V^ SIS^ 5 
~ 8 ©l^ftfr Kf3«©&£«£in;}^o 

mffim i te&i&m&spvamm*: d 1 , ^mam<h 
sMi, Btfta^ 2 &«i#ji©TO8iff & d 2 „ ^-nma 

Mit £ m 2 t ^en^eti,^ b fe t. § fc> 

M2xd2>Mlxd 1 tfiSlb, fro, 
fl.«H8fti©£fb tc*t U &£yg*tffil fr'J>fc < i: * -o© 
fcttffi'hfit ZTjk-tm&m. 5 ~ 9 ©^-fftfrfcfB 

m>m \ i] gssaaugfr, *Bs«<i!!ifr 

Jln©¥^MJ?Sdn, ¥J9fiSW^bSMn (nttl, 

M3xd3>Ml xd 1 43<ttFM 3 x d 3 >M 2 x d 2 
«iU fro, 

huI3^ i m&itm ii mmm 2 £©*£-&&#©* 

§^fr, H5f3^3a^iS©^^';Ste^«t 

<, H5S3^3aS{*Ji©^b©^ ; EU^-|qjK:H5l3^ : E>; 

Hea#WTfrOB5l3i^-&^#W±©^SW*P bt*5 

< - tx\ mmm 3ffi.&frm<DWbvtm*&tii-t?>m$i 
m 5 ~ 1 0 ©^fni>}:^fis»f. 

[I*S12] #Sl£fr£fcagE&&*4Jlfr2JI©* 
^et^*nfc^fiKS^tri**« 5 ~ l l ©v^■r^^fr{c 
I3®©^^«tn;*^o 

[if*S13] ^Ji^frt,«:5gS^tt»fr, 2nf 
(nliHM±©lEl») ©^iiSfrSi: (2n-l) «©^ 

14] mi mim&m, m 1 tpmm, s 
ttii, m2«F^ig, m2m%.m&m&z<Dmizmmnn 

fioifr^>, mim^m. 2m&&m> ^2^^Mfr- 
<Dmfcmmztitc&mmx&*). mtzm&#.mn (na 

l*fett2) ©¥*9JU»Sdn, ^ISffi^bSMni: 
^-Si:, M2xd2?iMlxdlt-fe? 1 aSf«13tl3 
«©8tftyginJi^o 
Ii*ai5] f5.®Kfre»*5@Sai4iifr, (2n 
+ 1) m (nl41W±©S&) ©®H4«:Bi:, 2nf0 
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3 

[is** i6] mi m&mm, % i #m®> s sss 

3) 0¥*Mt*ftdns smSttWatflsftMnfc-r*^ 
M3xd3+Ml xd 1 *M 2 x d 2T-&-SIS** 1 5 10 

[tt**i7] &&m&miz-£'£tizffi.&{t.m<D'j>tz 

**»*©fia**fcttisw«fl3ft*f *w«a i ~ i 
[is**i8] eftfiH4js*s> #mmw*>e>mK.mm 

aSK mffl»l«ttfl*©¥*&BUPEfedl % ¥*SIS*H8fl3 
tMls t!fB«2aitt<«i©.¥*aBWftd.2x 
^{b£M2 t^tv^Jxi^bfci:^^ 20 
M2xd2>Ml xd l m Ob*m*9l6~9(D\vrtifr 

SAttSM^ *HJfffiS*»e»Sl£38tt««s *4ttt£JI 
**** B5f3^3®Ett(*S©¥^Mff*d3, ¥±9ISfn 
«fls*M.3, ffiB«4att£ttA<D3reKJP*d4. ¥*9 

M3xd3>M4x d 4T-fc£&Miginiff??B 

XJMFU *oSlE}*?A43J;tfi»fBJKPB©SV*©ttl 30 

lit** i9] tfHJBfcx ubiimkssw-*-* 

X *) *««^C»bT«MbEMEbK: < v^H«*WC 

*»k sasa@saffl*tH#, iH©#*tti«i 

RTfeoT, i(JBIHKtt*«B©**d*«0. 3 nm<d 
<2. 6nm©$5Bfci&*>> &IGg|£fiM£JB^ TJfcJi 

JtjWMW-SiaBf IHUi©iii*i: bTftjeSix**?® 

«#iooo/z m 1 tb 5 c: 4: t i-&ffi.%teta& 

[St**2 0] H««ttJBC*V^T> QfflmWZbm 

si (ma i ei±©M») fcE«*nfc*e(«ift«tt 

fMmfcU ffiffiM&tem m©¥*SHWH8flS £ Mm, ¥ 

SMrnxdmCDW, mWffeSMmxdmOjS 
fn£*f|i$lc3Fb^lS**l 9 cE«©«sasttoR?. 

[81**21] $|BMHHJ:>K 2n| (nttlteLt© 50 
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sis) ©sstt^jgfc (2n-i) m<D3m&#mtifi&. 

>PIMHI£!K ( 2 n+ 1 )»©««(«■ 4:2 n©*» 

4: #&Sfc«Jl S JifeB&ttttM 
ttStfjpBfc*^ 

«<iS33R : PA*<fcrfHuK5R^B©'>!&<fc*-*^ IS* 

* 1 9 S; fcfci: 2 0 £Eft©atftJ&tftX?- T» D , 
83ESR?A;fc*£Vii3g35frPB#, H-©»««»Mtb 
TJ64SU ^ogjg3^A43«tVHul3^B©SU©Hi 

[»**2 2] MKfW^ SMbtt, ftfctt* ftfls- 

9~2 1 ©v^rft*fcB*o*s«tt 

HS**2 3] IHfc&flWft HMMfc Ofbfe Kft 
**J:imfc**»£»tti*'J>*:< 4:fc lB©#«H4fls 
4:, '>&< fc*> 1 «©#&«•&« 4: ©^BlT?* SIS* 

* 2 2 CElt©atS(J&tt*?. 

[»**2 4] TJftSSWU anaTiM^ IVa~ 
VIaK43itfVIIIl^ (fc«U Fe, Co*S <fcVNi£l&<) 

**i 9~2 3©v^*i*ciafi©«»a«*?. 

[It** 2 5 ] StftttV 5 T JteJS ft* U tftB 
TSfeJg 4: ffiB8M£ttJI 4:# ^ t, fcf ccfc J: Whcp* £®« 
n*'J>«;<4:*)lo©ijgffi«|JSS^triP> feSV^tt&lB 

t»b h mmm&m 1 1> cbcc«iji*^tr is** 
1 9~2 4©v%m*»K:Ba«©«»uaift« : f. 

[IS** 2 6 ] fiSSfi3Etei*:JB b x mffiSttittt# 
Jg*s x Mn, Tc, Su N Rh x Re, 0s N Ii\ Pd, Pt N Ag x Auti 

* 1 9 ~ 2 5 ©V^mi)»fc83tt©«^atfl3it?. 
[IS** 2 7 ] figtflfcfli««# % SCr, . , . , Me, (Me 

(is Re, Ru:fc«fcVRh*»e>3I«ft5'>fc<i:fc llix 0.1 

gx^20) cj;&^sftsfifig&w-r&as**2 efciga 

tt©«^5*ftS8?. 
[IS** 2 8 ] * * U MIBS9MBttff 

S0to,,,.,Me. (Mett PiteitWt^^gtf nsd> 
*:<i:t.l«, 40^X^55) t«t ») mZtlZmM&ti* 
2, IS** 1 9 ~ 2 5 ©V^n^{3S3ffi©^ffiJn;^?. 

[»**2 9] Rimffltm#ZTrfwn*'Ss&s m 

*»&aa:nsji>*:< fct io©igiMPijt«d^ fes 
s^iris** 1 9~2 4<D^?ixt>icnm<Dm$mtnm 

[IS** 3 0 ] TJftJS^ NiFe*fcfci:NiFeCrjt>>£fe 

»>, >j>tt< ti> 3 o o-c&L±<Dfmm&mxrtf&i<titz 

IS** 2 9 KlB*©ttft|&|flOR?. 
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5 

U mm&&#.m±KoT-3b2>ffi&mi 9-3 0©V>?*ft 
*>tc83«©&£Ugifi;fSi?. 

[if &m 3 2 ] £&aM£ftJR£ £ IFIHBttfl* *» £S 
fi&^*-rs^S«i;T-fe-5lf*«l 9-3 l©l^#l 

«ftS^&<fc*-#fc«l-*^(tti©il«&<fc*- 10 
7 > «^7 7X'anKtt<it:7««ir«S|l 9 — 3 2© 

[USB 3 4] £9MH£ttll**U B£ttttJ|©JP 
»frdf, tt83£9BB1£tt©JP* tdamk, 
2 nm^df ^5 0 nm, 
5 nm^da^ 10 0 nm 
0. I^df/dag5 

Vf&iL-fzm&m 1 9 — 3 3©V^-r*i3b»fc83«©«^,» 

[■t*H3 5] k*si~3 4©v^-rn*»fcgB«©» 20 

fc v IVa~VIaKi3J:WIIIK^e»S«n5'>*:<i:* 
*Mttafl3tt£ «fc V»StejBtfb*J#> s> 3 if n 3 fbi^5*» 

£ & a iau&5*pfflji i: <D$>mmm&mt s 3 5 t 

-8Bfl©tt4U£tt*?. 
[«f#«3 7] *HJB#. Mtx jfUK^AVn 30 

«:T-fe5if*« 1 — 3 6©V^?ftfr£g31t©tt£(ffi&JK 

< fcfc ltt©7c^*»?>55:5^J«, £fctt8i££JHi:» 

^HISMJ.OlAm'WTT-feS 
1-3 7©v%TO*fc«*©*$aHfc*?. 
[8»#«3 9] *Bgjg£»m-3«ttJg©'J>&<i:4. 

mm, ^5fs*)b<tt^sR&^w-rsssais^ 40 

*fctt7^7 7Jl9lHBt£tt££ftait$Ja 3 8 £83®© 

aa«ss*^^^usi:-t-sfflf*«i~3 9©wr 
« i - 4 oov^rnfrcEacatisaaft*?. 

[S?3jag4 2] afMH4Ji©'J>*t<i:t>-»fc75* 
[M#H4 3] SAflHMKZ>9K7^K<Z)Sft««a. 50 
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mfcrnzbt-fz^ i. 5<a/b< i o&m&i-z 
m&m i~42 ©v>rft# fcEtuoaaiusttj*?. 

4 4 ] |jf 1-43 ©v^-rn*>tffi«©si 

&af^?©»ifcer8re*oT, 3 0 0"C~4 5 0*C© 

aw&tc, 2 o o*c~4 o o-cx-miatptmm&m+ 
im&m 4 5 ] m&m 1—43 ©v>-r*ia»c 83ts©«£ 

%Mfcm?-<DM&J5m-(:ib-oX, 3 0 0*C— 4 5 0'C© 

im&m 4 6 ] m&m 1-43 ©^-r*ia»fcS3«©& 

t«*U 2 0 0'C— 3 5 0'CT*MS#ga$yi£fT5 £ 
£££») — |flS*ft*N-#U 3 0 0'C— 4 5 0*C©S 

[11*^4 7] §it3<^l~ 4 3©V>-T;h.a>fcg3tt©fi8 

[» 4 8] m H^««yg, m i « i g 
cmhuk .« 2 e « 2 *n 

mii3^ 1 s mmmis^xrmsm 2 a (&&&«©'>& < 

[at 4 9 ] ^NKttvmwicimsr «tttt<M©tt 
fls#iar**» sv>fcM¥ff-e'*sis*S4 8t:ta«©a^t 

im&msoi jm&mnmnmfrifis 2. 6 nm- 

5 0 nmf$5iti4 8 t|3tt©S|^lni3R?. 

m#m 51] 4 M©a&atsA 1 2 jg© e Aitfsii 

i:4ji©tpra«i:&$tfs miI3gsatSJi©'>3fc<i:*) 
f77li:8t, 89.83^ y 7 rJB^ H583^N'>y7r®i: 

tt-r««tttffiBJSdrattt7c9K« 1 owt%^5 owt%^ 

iabfcfflfi!cT*fe?3x *»OH583ffl«©fia«jfi£fl;#0. 2T 
WTT-feS^JHl — 4 3, 4 8 — 5 l©V">-fft*>fcg3 

[ffi&m 5 3] ^s»7 rjgtf 'P13l < t. t.Cr, Mo* 
«fctfW*»£.afc«l3'J>£< i:* l««td«n«M«9l5 
2 C83«©®^«StS8^. 

ts»*S5 4] ssfisfiyg*s, 'i>«i<i:* iji©mt 

Hu83SSS<*g©KiP©^*s x 4nmfei±ffeSsS 
*S1~43, 4 8 — 5 3©V\m*»{Cg3®©g&£«fi!fi 
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[it*«5 5] jMtttttii*, mm. mm. m<t 

[it*a5 6] immm&, mm. mm, rn.it 
®&£xmimfrb~mi*tiz>j>i3i<tt>im(Dim&#- 

[*BH<z>ftfn&Rii!] io 

[0 0 0 1] 

KmmznzMMzk&M^ ... *£.sl (mra 

[0 0 0 2] 

[$£*©&*{?] wmm/*mm/mmft*&mf3i< 

P (Current perpendicular to the plane) — GMRS& 

K©&£agtn$J**N *BSJf£iMf&tt<ttS©«&fbffl*f 
fcflc#U nttttttlBICttftS h 

[0 0 0 3] iCTMR^l^.y 1***V*I*MR- 
AM'vJBV^ifr&CHU *ra«*^tr2g(D^^O- 
^&FeMn^>IrMni:V^-DfcS^tt#^i:«Jit-5C:i:-r- 30 

[0 0 0 4] cn&OSiSttXSlfitjtiiaftSK?^, 09* 
Kfe 5 ^fctMR AM©* * U X^J&ffl-fS 

mm (*•?©*) &a&i ooo^m'j&iTt-r*;:*:** 

«&S£:fcSo 4#£s HDD, MR AM^ftt^m'fel 
T©&WK#S#$ft£. Jfc«tl$^B«#*tfc$§ 40 

-MX N MRAMcD^^Ufij^t bttt^'f 
flND^SfcttffRMfc&S. &?®«£*fbTg 

T#Pl®i:fcSo MRAMO^t'J i:btfflV>5 

£te&#©^*#iiSi:&So 
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Kj?*»<-rna«tv^ b*>Lfc#£-t>-:73.*n>erF 

T-fclU £ttlMVH©fctt£<^&flH£JI®lUFIi 1 nm 
WT^!), fltttfluD«9B9JIMqS#ftTlBl«. 
[0 0 0 6] TMR^MRAM^fSS^ ^gft 
t*d -fe * ©*& ^> > * — t y i/^<— 3 yftM yu -fe 

*W3^t, 4 o o"cmm<Dmt!im&tft>ti?>o b^b 

^©IrMn^FeMn&gStt^t^-rSct^tEB 
Ufeitltli, 3 0 0 -Cg«JW±T- . M n ©&fScfc «fc 
ot« &tt®©*e>#«i5fc©{ET*U H3£?8tt#;©*I 

jE£mfc<fcse>^©te"T£J;!K MRi^igT^sc: 

fc##8££;rxTV^ (S.Cardoso et.al. J.Appl.Phys.8 
7,6058 (2000)) . 

[0007] 'ifck^nztix^z^nft&MRAMm? 
©^Hib*^T-i±, *w vT-mtt&vnmiim.Fiiz. 

*fiiStn;©>'t^^^^:§v>tSg^abi) s 

i£*«tfb©SIS2:;fc£ (B*|£JHt4&* JftlttHft 
[0 0 0 8] 

{c^uT^b@teb^»t-v^g*Mttii-t-&»), Hutae* 

m&l 0 0 0/im'JWT, !iFSb<H:10/im , ttT, <t 
D»*l/<ttl>um'WT, b<<±0. l//m' 

a5i1-S*K®©®»i: bTM^^nSo 
[0 0 0 9] S *«ttJg^ttftiii:^?Ktt«:»i:©^. 

otuu. as^ettflb*©Mi±g (it, H^fis 

fcEJg) *^blHlte$#S^t$^^o^^|fi{c:*fb 
t, 5O0e (|t|4kA/m) W±/J^ ^®T-^blel!|El- 

1 0~5 0 OOeWTCfitt-SSfbll^nllg-C- 

[0 0 10] 'J>-&<£t>tp?8mtVRW 
0. 5 nmi£e?{c43V>T> (DCoNbZr, CoTaZr, CoFeB, C 
oTi, CoZr, CoNb, CoHoBZr, CoVZr, CoMoSiZr, CoMoZr, 

CoMoVZr, b < t±CoMnB^©Co^T* fry © 
FeSiNb, Fe(Si,Al,Ta,Nb,Ti)N*©Fe^|»ijeg»^ <2X 
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S 

Ittftt-S-at, 0)£«FeCo^, NiFe^fe, NiFeCo^- 
3^ Fe&\ FeSiAl,FeSi,FeAl v FeCoSi, FeCoAl, FeCoSi 
Al, FeCoTi, Fe(Ni)Co)Pt, Fe(Ni)(Co)Pd, Fe(Ni)(Co)R 

h, Fe(Ni)(Co)Ir, Fe(Ni)(Co)E^©^S*fc«i#» 

S>FeN, FeTiN, FeAIN, FeSiN, FeTaN, FeCo 
N, FeCoTiN, FeCoAIN, FeCoSiN, FeCoTaN^©^^ 
<5>Fe,0, , @XMnSb,(Xfcfc, Ni,Cu,Pt;6>e>31{£;h,S'_i>& < 
ti>— o),LaSrMnO, LaCaSrMnO, CrO, %}<D>\— 7 /■ # U 
y$\ flKn77*-f hSiftt, MnZn^i^W KNiZ 10 
n7i7-f M?©*br*;i/S^fb$k ®^vM® 

&5 o*t%i;U:^T-^s&^#i;fcfci:;7:n 

U&&#T-&s::i:#ji?Sbv^ *W*ffl*T-*^3F«gcD 
[0011] SS!8H£B©BttBu *?ffi««t 5 *>lz^ 
3?bv>t§i&-t-fci\ gfi^«cD^vygctr^-r-5^E 

bt\ eft^e©®«^t<u ip^sfttttitf 

So 

[0 0 1 2] ff#d#2. 6 nmgd< 1 0 nmOffl 
^fcfcSA^T-i&S. :Wt 4 #J8ft&Jl©Pa{H!l£ffi 

S±Sa^5Si:-rscii:TN »Eii«#«*{bSn?SVMHRS 30 
*#Sdt#T§So disiOnmttlt&StWi 

ia©»«tfg^#g* twt*#*t*-rft. d#2. 6 

nm*^t£Sfc£t&igi^bS3£El$£fcS. £©»-&, 
®E*4ft)S©JP^i:bTH:ig[a^^^rASfTt)ns 1 n 
mJW± 10 0 nmfeiTAW * b^. bTtt, 
Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Al, Sift, SiC, S 

i, N,, A1.0,, A1N, Cr,0, , Cr.N, TiO, TiN, TiC, Hf 
0,, HfN, HfC, Ta,0«, TaN, TaC, BN, B,C£iS«u KM 

fiT-fetiH. &ms BSMb«j % mum, m.fc<®tzzmnx 

ifc-=>T4><fc<, $?$b<l±, 2 0 0*C~4 0 0*C©$$1 40 
fcfttSJ^o 

[0013] &&m&m*mf8.-tzm&.ttmifi&m&& 

bTV^SHrBu tpffimmZQm (m= 1 , 2, • • 

f3&£#Jf m©¥i&fi£ftH8fb Mmt d m b ©|g 

£Mmxdm£:-rsi:, m^g[f*5Mmx dm©ii£ 
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o %<Dm. £tt&-r s *> © h -r s 0 

[0 0 14] jSa, #fB$I»K:m*S«SSH&fbi:fc)u Se& 

$©J?*#&nmfIg©&f4#Jg£;}3V^fciu TS6©W 
JSv fcSVHu ^©&tt#JI©J5£:ffi@fIKJ;oT&fb?- 

[00153 a ft^ttJi^fig-rssitt^js^iHK^ 

3&HS»*eafe5Mmxdm©J|Sffia:**S5B:oTV\T4)ot 

Wf ©&ftMT-iMT M e>ns$tfb© 2 5ft@RJB#|g 

Mmxdm©8gftii^ m#Mt$^MmxdmOig|a 
- i:T% SS{bSte*s^^T*^b© 2 5£:S&RJgS£#*>-e>-r 

[0 0 1 6] ±ffim?X't£.mfrd#. 0. 3nm<d< 
2. 6nm©35B©IM8tt#£^fr:i£#$?*b^. # 
fiSft*t:S©^*is, d©J;-5)S:^Htcfes^i:-CN 

*)l<*-*ffi'J>Zi£ZtzibX'&Z£&t>hZ 0 gS^tt 

mzimmmii-rzztx; mm&mmkztins^MR 

&lfSC i:*ST-#S. d#0. 3 nm&T 
^f£*s3&YbfS. *fcd*2. 6 nmttlfttf^ 
* s ^Efl<3i:55:S„ 2 6 0*C&L±<Dmi!m&ft.5m 

Jf* b< lid {40. 8 nm~2 . 6nmf*5. 
-©S^ ^tt<*S©JP^i:bTtt, iaK&M^Sjg 
-o^fftitlS 0 . 5nm~l OOnmStffeSifctf 
^lF*bV^„ 

[0 0 17] ^«tt*^^JS, 
SV^tt^Ja^b-&^-C•fetl««tV^A^ > #{CCu, Ag, Au, B 
u, Bh, Ir, Be, 0sA J «tV^„ *fc(±dtxe>©^jS©-& 

35SVNtt^n?>©^S55^*5 0wt%W±#tf^ 
o^fc(i^b-&i^^)$f*bv^o ci©-&^feSv>H:^b-^tt^ 
iHft C P P-GMRi: bTffll^S«-&t 

tts ^ffiii;*iRi±^-&So 

[0 0 18] eS^ttS^«figf-S®ft«;JiAsS^tt 
^bTV^SS-^, *F^Jiffl!l«t Dm (m= 1 , 2, • • 

•) #BKEe$jxfcSStt«:e&, ^ftiimtb^ h5 
IBfiStti*:® m©5p^ta«MYbM m i: spJSMff d m©« 4: 
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# % m#<g8refc5Mmxdm©^Kfc#|>&££fc#$? 
*bv>. ^»#^©Sfcai&1S*f©Ji©Mmxdm#|li] 

*&m^#^^b[l]!|£#fTfr:h,fi^o 
-Wi^bfclvfigOU (fflXfcfO. 5~2T • nm) & 
iftttsci tX'H-SHMft-lzft b£ ^{c^bHte^qltgi:^ 

[0 0 19] ±f3^tteft®S«5b s s (f>ISMHHJ:!>fi 10 

izmm^titz. %m&&.m. mum&<*.m. mzm 

J9fS*m8(b£M 1 , migaSg 2 &tt#JI©¥*9JSIJP£ d 
2, ¥J$fiSfm&{b£M 2 

1. 1< (Ml xd 1 +M2 xd 2) /S<2 0 
(ddT'Sii, M 1 xd 1 -M2 xd 2©*&*M)-C% *» 

(DM1 xdl-M2xd2>0 

T*&z>£%miM&&me>m$hmmd 1 1* 

dll= (Mlxdl-M2xd2)/Ml, 20 

<2)M1 xdl-M2xd2<0 

T-ifc 3 %m 2 &ffi#Jf ©ISS&jtgJit d 2 2 

d2 2 = (M2xd2-Mlxdl)/M2, 

i: U HugaHa&BUPd 1 1 * fcttd 2 2 i: e sj«£«=ji h 

g&&£^®rt©M&lffiM»£Niiii:?-.5i; % Nm< 
0. 0 2 f&SC: LV>. (Mlxdl+M2x 

d 2 ) /S©<ii# 1 . 1 JeiTfc&s i:^K©*^b©J* 
2 O£U:fcfc3fc$M±/©*;fc#0^fc: 
*fcSSS£ttJf©BJI2# (M*.ttR«*jW©£)W 30 
tm&Jfimd 1 Ufelid2 2 <t 5 5)^551*0^ 
;£fS]©.®&I^SNm#, 0 . 0 2JW±i:&3i:B£l2J& 
tt©SLti,^>^b|5Itefc St" 3 £ -5 . 

[0 0 2 0]M2xd2>Mlxdlt$5i:§, |g2 

zmmtmif&mmmt. tz&wwm 

&tmx, Sg lIM£««««A-r&tttt4m)bt20«: < £ 
i> fpfSm £<D&m :fcV">-£ t: >£WMOTC * * ^ 

fctfffS bV>. WM&ttft<DM 2 X d 2 If >#fi| 

*t*4M 1 x d 1 «t ^M#tM-rs«tfl3lHl 
fetf^IT-to, &KStfi#4>&< N ^5UMRS*-T5 40 

ffiJnlffS^Bu &&-fe>-9--i:bT;B^T4>J^# N 
^tt®$:^*Ui:bTfflV>SS^ S&W£J|<DJRiiift 

^'JfcbTffluS^fcfcT^a. aJtitttttm® 
M2xd2AJiS^lf>^-fii#3|^Ml xd l£»)*A;i^ 

4>> £^b£&^*Ui:1-SC:i;#T-§S. d^T-itS 50 
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l/ttt, 0. 4 5J61 

±> #£0. 5 J2l±T?fc bV>. 

[0 0 2 1] «JMM£*tt4i:bTtt, CoPt, Fe 

Pt, CoCrPt, CoTaPt, FeTaPt, FeCrPtAW * b^. 

[0 0 2 2] Dctttttmfc bTfcfc> Ni, , Fe, , , 

FeSiAl, FeSi*fcttFe,,Co,,-&^*fcliCoNbZr, CoTaZ 
r, CoFeB, CoTi, CoZr, CoNb, CoMoBZr, CoVZr, CoMoSi 
Zr, CoMoZr, CoMoVZr, CoMnB^©ColR7' ; E;i/7 r X# 
*4, SfcttFeSiNb, Fe(Si,Al,Ta,Nb,Ti)N^©Fe2&flK*£ 
S#J(4> ^fcttMnZn^jL-?^ KNiZn?!^ h^com 

[0 0 2 3] **K>4NK»4i:bTkJU (DFe.Co.Nifr 
e.S«ixS^«3i^1t7GSR*5Owt%J0l±^trtKSff"C% 
ffrX.OFe.Coi i (15^X^100) *&5g©FeCo£&, Ni 
.Ian..., i (40<X^70) ffija<Z>liFe£& NiFeCo^- 
& FeCi\ FeSiAl, FeSi,FeAl> FeCoSi, FeCoAl, FeCoSi 
Al, FeCoTi, Fe(Ni)(Co)Pt, Fe(Ni)(Co)Pd, Fe(Ni)(Co) 
Eh, Fe(Ni)(Co)Ir, Fe(Mi)(Co)Eu^©^fi*tt*fct±*» 
S8Et£&5fe, CFeN, FeTiN.FeAIN, FeSiN, FeTaN, FeCoN, 

FeCoTiN, FeCoAIN, FeCoSiN, FeCoTaN^©g{b$k <3)F 
e,0,s €KMnSb,(X(i, Ni,Cu,Ptj&»6>31fc£*i3'J>& < i: 
4)—" 3), LaSrMnO, LaCaSrMnO, Crft ©/\— U v 

[0 0 2 4] ±R*?ti:gEitittSJia i « *KSffl9«k»)JIS 
KSUiSftfc, MISttftflK ^2^ 
ttflW*^*, HugB^HKtt<*S©¥^JSi»^d 1, 

2, ¥t9fiaffij^{b^M2i:1-5i:, M2xd2>Mlx 

< i: 4) 1 O©® Afttfe S V^{±®/J^^iS§S^ ?) ^ «ttft|ff% 

^^i:bT4)J;v^„ zzx\ &mm&m&mi£tz2'? 

E^©&fb#Fa*SK¥fTT-fcS£fc#3r 

$fc»r*«<bia«K©^i&#^)&*i«s *f^®©wiii: 

*itr»fbll»SBllg3&«H4® (eftlKf4«) ^fflv^T4»«t 
V^. *P^«&^T-2o©@fi^i4)iiSffig$nfc®-& 
K^t*, / J>«c<i:t ) -*©gft^ttS (»*b<(i 

M 2 x d 2 >M 1 x d 1 iHfll&Xfe UTV^tt, 
^aHB»©*fliK:#U 0&&ffitt#'J>& < i: 4) 1 o© 

[0025] «.«w»»*«9Jin*n*i: % ^2^tt 



( 8 ) 

13 

M2 xd 2<M 1 xd l-efen«> Clft £ <Dm*M$> & 

ttif #n Mfttu Wlffi9<fc.>)|lSfc8JlS*x*x ftUB 
SftlMH&Mh m2®&#.m*$fr. mam 
lW&1tm<DW$MUftedls ¥*9i§#H&<b&M K Bu 10 

am 2m&#.m(D¥-t%mm * d 2 , ^mamit^M 2 

fc-TSi:, M2xd2>Mlxdlt*5R^ife 

[0 0 2 6] ft$mwfctttzm*mib2>^&m>m 

ftttfcm^ ft®m&*m*)ffc<tBiM.(t}\cm.zzt* 
mm-ma. 'j>£<fc*B!iS3&#;frra£^y$ftfcft 20 

[0 0 2 7] *\zyyxiv7m.$t-v>*.%2&, w&vm 
[0 0 2 8] ±831^8:^ cMMMHJ: *)IB 

^mmtsntz, giasttn* mummtms %2m 30 

ft2#N8tfi««> ft3«8a£f*«£^*s 8513^ 
£WIn©TOBIJP£diu ¥-£3ffimm<t*lto (n=l, 
2, 3) M3 xd 3>M 1 xd 143^^ M 

3xd3>M2xd2tfeD, MMHkDttfbCMU 

3 &&«f©* * «J t> 4) < UT *> <k 

;i©3fS?fciu ft3©&m*»©^b©^y:£|Sl£iiuf3 

nc ht^bs^ffitn;©^bt «t Dt^n-rs. 

[0 0 2 9] d i"C> **VmX-&2>m3(DM®.#-m 40 

VNtt^bSfe^lfi» s gt.iS<, $e>lcft2©8a4Wf 
smtttlte, gMMSIS^* fcttBHBJg^K: «k t) 96 < * 
97'J>yiW5. *fcft2©BH4#Jli:ftl©&f£ 
#JgfcJ\ M^ttWfeSV^^ii^®[^6<JtA^/Xy>^ 

r e8l<Z>9Htttti*MtiU ft 3 ©ESttttJf «fc D * S 5, Ctt 

h-fzztifi!if$.is^o m3<DM&#.mtm2(Dm&{t. 
m2<DM&ttm£%i<D&&frm&m^s.im& 50 
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Mt31tm 3 ©8H4WB2M* 'J £tvfc8Hb#|fiii:|5];?fiR! 
KEpiDUT^ , -£#Tft l©S&tt#JIi:ft2 

©&&&J1 ©F^T-* K>7Us» b> ft 2 ©Sftfcf* 
Ji©^b*sM.aJ^i:¥fTi:*5J:at^b-rs. d© 
3Sm<DtN BJt^ttJf fcftl©&£#M©«<bffl*#S© 
£<bfci:Ki:A,if£bfcw $.tzHMW*W.m< tm 
2©&&#Ji©8&{btt*ni8©#<g{cBISo fc*>3A,ftl 
©&£tWl hft 2 ©&t£«g©ltgT*K > 7 □ v 7*£*a 
;r£fcumK©i&l!l£ffi;BLT4»«fcV^ W^ffiM 
£ft 3 ©«fi=<ttIiM * y $ *ife«fli*ra tswt? 

anb-cv^iiea-ett, fti©s£«E#e#, *gHK»i: 

¥fT£&S<k5fc&<b#|nl£gfb£-e\ @5&8H4JSi:ft 

[0 0 3 0] *&&»©*£ <*#ft 3 ©«S(* 

Jl££«s£*fc^iiK©;*;§;*T-fc*l«> Z<D&tg&C 
4*»©&S5t ») Rfc < fc, ft 1 ©att^»©^b*|Sll±S] 

SM-g|5fi&§£EMra U ^©i: t ©?8^i6ifi©£<b#&& 
SHI'S ft3©&£#;«©i^b©^y#&&# 
{BM8C*IS'JT-§So m Slt««SitftJ&tflBR?U:. 

^?t©^«jaffi*^t5*s4)#*$n-cv^^ 
nm<D%m<b^ «««©®T^^ao ^swk^ 
swipu> y^iRfS^scifc-CN ^^y^t^o-r 

[0031] ±iz&?&smm&m&. 2s©*mb{c 

^«®t*tU 2o©^P^j§©^«!ltJ±$?>t2o©®[ 
V^. 2o©H^<4St^*tlfcSft^gT-t±> 

e, ^©«£^^c j; >) % b &m&m<o v 7 htt^gfj^ 
sh, @^atte*»e>©«naisi©K**»'>t-sci: 

X\ mfflib fcfli^ S *«ttJS©S?KISL©W{6iJt: 

So 

[0 0 3 2] ±K*Fttai&«ttJi**x 2®©(PF^{C 
**ft.fe«|j«ft«f*, mif3g*^Jitf> 2nl (n= 

1, 2 • • •) ©^ti^t, (2n- 1) m<omm 

CWU 2o©ifS®©^«!l{CH:$e>t2o©?aiblHlK 
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to o 3 3] &&m&m*Bf&irz&&{&mm±<Di&& 

£&&£l?r#&V>*§1^fctt> 2 njf ©SJtffettJf ©S*E$ 

£*^fc£©&SUgt!r©&;*«\ ^SMtfrcDSJSiiJKJP 
tJ;»)»Jffli-C-§5. 10 

to o 3 4] mm&m2^><Dm^Mtfim^m^mm 

Jn;* s ffiv%) &SVN£3!b<-rftfc^ fl.gN&l^©£<fbtc:*t 
bT* *ft*ft©f^#|i|bm<bgB3aj£Ifc&fc£fc«* 20 

oattmaftSEfb #n % ft z o 

[0 0 3 5]«H4#»#2nT-fc»K g £ 

[0 0 3 6]&«:f*JB#2n-t';&!K SA»SJ|ft«l« 
*-S^#JgW©&fUS^#*gWKI?-<fc & *-HHfi< * 
l?!f?)$>^SStt^Ji©®[fb*5SV>{3S¥ff^rSlV^TV^Sfc 30 
* % 2o©&j!lffiJfifg?©®tt#^bttft«> 2o©@ 

5. 

tO 0 3 7] ±B* : ? l BU *M*<fc** SBlHBfttt 

m. mi#mm. nm&Km. mumtefc®. m2 

«a«»b*Mn (n= U 2) fctSfc, M2xd2* 40 
Ml xd 1 fcbT*><kl>. CCTx fgl&ttttJf i:fg2 

^K^4^*:Ji^*sv^©^s<bASfi¥^Ti:«:*ct■5^c^ asaae 

SCfc-C, M2xd2MMl xd 1 <Z>£&£*bf&&tt 
[0 0 3 8] £1B£8M£J& »l+IMi, *l*tt# 

mxmf&z ft %2mwm, %2$> 

mm. m2^m^m^mm^ft?>m^mm^<Dtm 
ifi&v^®$*m&t.zt, mim%m&mt.m2m%. 
^a^^®©sai^b^rat±sv^ts¥^TT•fesci:3ElS^fib so 
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[0039]gl BsBKttJS t.m 2 a^B1£JH(Oatfb# 

* *M<D*aam t u m 2 raatttji 2 s&sa* 
MkzmzztifiX'g, zftb&m&tisxm-T'ibz. 

[0 0 4 0] ±§3lf??ttu >J>tt< tt> im<D3&M&m 

ifis 2m<D<pmmiz9k£ft&mm*t?f*>. mms&m&. 
(2n+ 1) m (n= i x 2 • • •> a>wmm 

2nH©^t4{*Ji*s^St««$nfc#lfigi:bT 
fc«fcv^ gfiH&*4Jf £*Tb, 2o©4>KB©^fi!ltH:$ 

&c2^©^bia«5*sfflsifta«jg (Busies) &*r 
[0041] g Atttt»«^t-«atf£{««n±<Disd- 

dftfcfc ( 2 n + 1 ) B©&t4#Jl#, H&l^*^ 

mcDK&mmm&ff^tctbtmtoftz. 
it.^m/oizm^,m^ifim^m^ ( 2 n + 1 ) s © 

fflvn&mifi&Zo ft, mm<bZfttc.m&&.mfi3<DWtmm 

[0 0 4 2] Itt#giJ2n+lf*^ M^gftH&B: 
BS«J5g1-5SStti*era©^^-&mgi5^«t t> *>+ 

^v^i:#, (2 n+ 1 ) *®attt{rami«*«ttjr< 

«)bs^b(tntfs 2o©@^tt®©^b*lSl^Wt- 
5 i: taM»ta^b*sft^tt&Si t) -5 ■ *. 
[0 0 4 3] RMi^ «tt(«fA»2n+lT* 

S¥ff*^^SfcS % 2o©aS^»iftsR?©fii1t*« 
^btt*x«\ 2o©@^ttJi©^b*|nii> J ¥ff-t-$.S 
tS, ^igJrL^b*s«^:ffl*9it)d5. 
[0 0 4 4] $.tz±%m?&. 'J>ft<i:t)s ^1@^M 

ttjf> ^i*f^ mim&fcm. miim&itm, m 
immtm* m23m&#m, msm^m. ®2#m 
s> m2m?m&®wz<DM£Bm2fttzmf$,*&*>. 

(n=l N 2, 3) h-rSfc, M3xd3+Mlxd 
l9iM2xd2i:b•r*)«kv^„ 

[0 0 4 5] ZZX, Iimfli, g£2SH3:#Jg, % 

3^Ktt^^:®^isv^©^b* s s 5 F^T^:ftsia^^:, 

^tfe•&feSV^a:i^SS^■&&ff■^TV^^. M3xd3+M 
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lxdl>M2xd2©BI&#/£!);£oi:g, mim& 

£m3M&i*.mh<DMmMi<&<Dtziib\z, *as«&#£*rb 

wt>mmvificmtow\&*if?o M3xd3+M 
ixdi<M2xd2©sm*sjggt)i:ofc, Sfi28Stt# 

mvftmz^ttisxn&}&izMtiim£^r®<o -© io 

i: £Sg 1 i&ttteJlJKVSg 3^&ffcJlfci:Sg 2&fSWg fc© 

mimi$<Dtztt>izfiii>>tt±m&miiLT®ii>-r, m2M 

te&.Mim&m.ftlztt bT&YbHteftfr 5 i:&{c«K|5l 
Btc&fbiateftfT?. 

[0046] i&iBsasH£jg, misuse, mim&#. 

pas, m2mfem&mr'mf&ztizmm&ifim : ?t<Dm 
bv*»#tt % « 1 m&mmtm 2 a^sso 

5. b*>b&#e„ ®%m&m<D9tmy^vmfe<Dm®. 20 

ftg^SCi:, *fcgfi}^4JI©Jg|fcft**i,^Jxg;t3 
fc£*oTfc|E0«©8!j*ftf#Scii:#T-^ dftkttm 

[0047] sfc±i3^Tj±, ssatte^fg-rs 
©«#ji© 5 % < t 1 m ifs 85 ©aMtiwi©^ 

[0048] «*tt, a S«^jW8i4#Jgfc#«ttfl: 
-M®£MflU&&!K WMft*6*T* m~ (m=i, 30 
2, • • •) SBfCBag^nfcSSS^^ ft{£<*JBm 
£ U HuffflKttft:®ni<D¥*9iaSH8fbMmt3FJSJK^d 
mOfSMmxdmi:«i:, mtffflRfifeSMmxd 
m©Jfcg*n#, R^IST-feSMmxdmCDiiiglnfcllKWt: 

^ftbT^3S-&£oV>T%;l£o C©Mj£?« 6^*ffl*0 

Htff»*Tf*n«x e*sstte©^biiteH:§s-cife 

JSVtSfc, ««Mb«Flc^b5fi?KIW»SSffl«iJb, fio 

@ ssstts a t «ftstt« ft * * u aut swat* ft £ 

S < U R^^fblSK^CiSfiMKtfjfb L**-V* 
©fctt^ ££bfea&&OTftft*£*|jft#&S. 
[0 0 4 9] *fc0J*.«* SS&ttJi ft 
B©F^ ^JH8l<fcDm (m= 1 , 2, • • •) SBfc: 
ffig£*vfc&£ftjgftv KttttllmfcU ntfaflt&ttJI 
mO^^WfiS-fbMmfc^^dmCigftMmxdm 50 
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m#^f&T-&3Mmxdm©igg;!iIi^ m*HS 
StC&SMmxdm<Z)|&Ni:M&!K Mf4#Jf |5]±#g 
5&&tt*£-&;fc 3 V •> ft fr o T V> S S^ico 

v%T#*So «HBYbbfcsR^oS4EailSH±3f»Jgfe«t» 
Bfc^JtSMmXdmtOHCaffJt^-rSo e^lffliPX^ 
^T'©S!|£&|fftjfflK{c&ofc«>£«:, Mm&SVMid 
mftlWWftUtJ:^. •9-7 , ^^D>@gjc{S 

icmm-r^t, xwrnx-vm^-vRtimna/^y** 
mi-rzztwx'gZo 

[0050] gft&t4ji# % wniMUiK mi 
m&ftm. m 1 jhh&m. m2m&{*.m<D'j>* <ti> 

3mx-m&£ft^ M2xd2>Mlxdl xhzm&M, 

ttftlfcitU M3xd3>M4xd4?J&5gftI 
ttJSft^foaS^fitnllR^ftSR^BfcU MBflCTA&V 

l3*?A2aVH3SBl!5?B©Sv>©UiijftipSc$feB:a# 

ft-rs.tat, siaa«ESsR^ftfi*-&t)-&TfflVYT* 

[0 0 5 1] d©#fiR£«fc*U£, *?A-CttfllB* 

*?BTftt*2»tt{Mi*i, 

H— *filft|ql<. fE-9Tif'IMJ:tirtw*5ttlW£ft 
Mtt* ^?Afc^Bi:T-M*:5*|RlftInI<„ m^At 

%¥B(Dm&m&t<bizmKfagX'it>ix\£, m— *i^© 

?B^flb^ftft%««^<D^9Stttt<DlRlS#SV^C:|| 
?5:Sci:K:«:5o ^^-f ^ £ bTfflu SSMffiJa 
^^©«*tffltc*n5.T^ mm<D®ffl&tmiP±MitZti 
Sfc«>, S/N*s+^Sin«:V%As, ±f3©«ta«CA > B 
xo©*?ftffi*-&t)-&x xi&tfm (0ISffiiJ ! i;fifi+ 
«?©®SiiT;^f©SJn;fit) ft^>>-fe;v-T5Cii:TN M 
V%S/Nft»Sdi:*ST-g5. 
[0 0 5 2] *^W©S'J©«!l®tt, ti^Jli:, b583*K 
*fttM#r*-»««ttJBi:ft^*, HufB^ttii©-* 
ffe*©^ttJB<tt3*)^gPM#lc*fbT^b[5Jte* J B 

(^Kii©H«) #1 0 0 0/£m'filT« SfSb<{±l 
O^tm'felT^ <t»)« 1 *b<Ji0. 1/zm'JWTT-^S^ 

fcft^t^-saifis^aas^tft^ftsitt-t-s. - 
©H^ssiisa:, 'j>t*<£.kim<DmtimN£* mm 

MB#W£(MI®ff»d#0. 3nm<d<2. 6 

[0 0 5 3] H^aSttiitt, ^gBMSlc^bT^ 
*©lKf4B (£*&&Ji) A ») t» 5 O0e£t±flfrfbHHE# 
BHT-feSdi:As$f*bV>o 



( 

19 

[0 0 5 4] Z<D®mt1rZZ£X^ *Httt£ttJf£flttt 

fc^Sfc^S«tt*J^b-TS. d#2. 6nmei±Ttt 
ft&©«£-&#£BBI*Ji:;StSo 3 0 0'C«±©I!!*1 
£#-5t§-&fcJu $?l;b<fciu dttO. 7nm~2. 6 n 
m©$SHT-;&S. att*B©*^i:LTttx ttv%£3Htt 
tt^tffTfcns 0 . 3 nm~ 1 0 nrngfeW* b 

[0055] IN&tttti: Utlt l&Stt&fto&jgifcS 

v^tt*Kfls-&«nj*nttfifmjfej:v^*« % »ccu,- Ag, 

Au, Eu, Eh, Ir, Be, Os#£f. £/ktt;i*T,S>©&®© 
feSV>{iCine.©^«7C^Sr5 OvtXGUl&to* 

[0056] mi&&&m*mf&-rzm&.#.m<Dft, *m 

JMUDm (m=l, 2, • • •) SBCEBSttfcfil 
ttftJI** afcBfMmfcU 8uE8ttWfm©¥*3&ffl 
!K'fbMmi:^^^JPdmcD«SMmxdmi:-t"Si:> m 
tff Stt- & 5 Mm x d mffli^fn miHSS(tfel.Mm 
■xdmffllMfcSfMtWfcVUV^fcT?, ^SP^#tc*fb 

[0 0 6 7] eu SE&fflfcEBtf, nY7^1fftJ:!) 

t-$SMmxdmfflW^ miWtt-feSMmxdm 

**v*. ffiU£©«*fcr&*-«©±IRau tSSflKflsx 
ffiUP£«fc»)^bT> 2nmTiy.T#Jir3;bV>. 
[00 5 8] B£fltttJB*ifi|IMHg J: D , 2 njg©&# 

(2n-n m<Dim&#.mt.ifi&n.K:mm$ti 

»> „ ( 2 n + 1 ) Jf ©S*t4«g 2 njg©#«fiif«g i: 
^^CtWSn&aMUlSHBR^ft^Bfcb (n = 

i % 2, 3 • •) , ttBfc^AawKiaasfrFBoeiMt 

BUgA^ H-©^fWB»t»bT*S»U ^oflfiSB^^ 
ASVm^83^ J PB©^v^©til^<&Ap#*fc^i^^»^&-r?) 
«fc a fc— #* fcttz^ttt±©*? *fi»-&4>*T« ViT 

*iv*. cct% ^n^n©@^«ffiJi&«j«-r5«tt 

#|£!#S¥fT fcfcoTV%*£ bV^ 
[0 0 5 9] £©*MfcfcJ;ft« x *?Afc*?Bfc©* 
tttfHfc (ffW®*^tr^tt^SI^±©^b*rRl)bs¥fi : 

v-0 ) -c-fest^x isi-^rfpii)»e.©^swKJ©ic:MbTs 
*?A*«**»5iM** t z&mtm : ?z#Wi*.mn%%L 
*^©*s*»©is&* t :av*fci*fc* =r 
*U * t btfflv> 5i^, MM*S!fats?©ifilrt«K:Anil 
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#8ttl&^#> ±|3©«tdtA, B-o©SR^*ffi*i-& 
*>* N -<-^®ln;flS (@KSffifiifK+^?©<£igln;«f©S 

[0 0 6 0] fc-s^ 

ttH«*ttMlrt**«-ra*«ttf«i©j|>J!j:< 
10 bfcfcg©^*;i^-fi6«fc»>*N ■■ 

ttsttiitiu ±fotvx&mfcx'&*). +frmmx& 

[0 0 6 1] ^Mttt»©-a5*»±Kfl3-&«TJ»*JBJB© 
-ohbTBu JHK&fMltfBfb*, fcfcflk Jfeflsfte 

(X=Cu, Ag, Au, Eu, Eh, Ir, Ee, Os)fc* Mbfe, ^ 
20 fb«5> *ft«*J:OTlfl3«*63ittn*R-(«ittfR = 
SiO,, SiC, Si,N, , A1.0,, A1N, Cr,0,, Cr.N, TiO, Ti 
N, TiC, HfO, , HfN, HfC, Ta,0s, TaN, TaC, BN,B,(k 
fcSVNttW±©ig-&«g) 2JIfiU:©*JMIfc*-s 

[0 0 6 2] IVa~VIa, VIII (fflU Fe, Co, Ni£P& 
<) *J;«JuJ:t»attn«il>«:<i:*iaft*bTJlBJB 
*J8v^fc N ^fcH^a^&ttJlfc^K&ttJBfc©^ 
JMtT?**»£:fctt* IrMn, Fe>fo& £©£&&t4#*4£ 

[0 0 6 3] T«!jf#> iKSttJBfcSU HulBTflbBt 
eHIBttttfMii:^ fee ft&ttf c p^jt*>?>S«n 

^igTfcSi:, #tH^JSrt©fiStt»®M©S^«ttiK 

[00 6 4] S^^K^t(*:SA J ^ Hn, Tc, Eu, Eh, Ee, 0 
s, Ir, Pd, Ft, Ag, Au, AlA>e>afc£;h<3'>fc < fc* 1 

40 U C© : &ftfctt±Efil«.©7C«*«l 0at%WT©l5H 

[0 0 6 5] «C % m^SC Cr,,,,-, 

Me, (MettEe, Eu43<tW ! BhA i e.3ilSn?)ii>^ < i:*> 1 
II) T-«$n, 1 ^X^2 0©$gfflT-fe5i:^ «nfcss 

[0 0 6 6] iHffc^ S9HH£fMI^ SflfifcS Hn 

Me, (He(*P4j3«ktH , t*>e.SKn5'>*:< 
ltt) 4 0^Xg5 5©«5fflT-feSi:> &tl 

tzWto&W&ZtlZo Z.tH±, IrMn, FeMnHit^bT^ 
50 S^JSC^StfJ^fc©^* ^©MnMe 
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HfifctCfciU $£{CTc, Ru, Eh, He, Os, Ir, Pd, Pt.Ag, 
Au, Al^©-£©ffe5G5H£^rfi# 1 Oat%fcTF©&ffl 

[0 0 6 7] ££>tc, 5im&&&.m#TMm±fc¥M2 

n> BuiaTtts^Buses^^s^f cc. fct, 

f cp*J;Vhct«3t^e.S«n?)^*<i:* lo© 

gtAsftJigJ £ ft 5 & tof S i: JB t>n S o 
[0 0 6 8] fitafittttfM^ Mb,.... Me , (M 

ettPd:fc<fcima»£3Itf fct 1«) X-mZ 

*U 4 OgX^ 5 5©t5ffl-efc!K TJfejf #NiFe£fcB: 

4I£tiU 3 0 0*Cfi4±©«W«unfWilMS©Bl*ftRl±^ 

[0 0 6 9] dfttt, *SiH4©ra±fc«fc3M#©»il\ 
££tcfcfc, aWMB#©^g©«ifBf^©3&JRi;Jgfcft 
5. 20 

[0 0 7 0] £3jHtttttt&tt-*-3ttttttJ|«i« CoT-fcS 

[00 7 1] ±ffi*?T?tt, £9Mttl£ttllftJ:CttHfl£ 
& < i: *> 1 «©7B*ft*&f *aM»tt#fc bT * <fcV^ 

mmcommmn < m r ©&{ b § * *> e> r- 

fctt^jR^*3i«ttf*:/&iSSa«Ht«:©J:53&3a«| 30 

B8^W8S«i<*i:bTBu Fe,0,,MnZn7x^ 

W hSStfbttK TMO (T=Fe, Co:fc,fctWIi*>kat£*t5 
'J>&< 18L M=A1, Si, Ti, Zr, Hf, V, Nb, Ta, C 
r:fc«fcl5Mg*»6aiift3'J>&<i:4) lf|)«£ 
S&fb«a3&8t£##$F* bV>. £3teft£ltttfl:£ bT 40 

tn, TMN(^it*> t, m±mtmm)^f<omib 

Wtmstitdmt. bu. SfeMatetfgfflBttfcfcbT 
fc)U TMC(C^f, T\ MH:±3BtPl«)^OK<b«3^« 
tt**«»* b^c 

[0 0 7 2] ±§3ff^T-fct, S3fe«tt«:Si3J;V^lKS 

r^^fctttt, 0J;lfcJCo(Fe)NbZr, Co(Fe)TaZr, Co 
FeB, Co(Fe)Ti, Co(Fe)Zr, Co(Fe)Nb, Co(Fe)MoBZr,Co 50 
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(Fe)VZr, Co(Fe)MoSiZr, Co(Fe)MoZr, Co(Fe)MoVZr,4> 
b < ttCo(Fe)MnB^#$F* bl^„ 
[0 0 7 3] ±I35^T-B\ H^14®©jgJPd f % £ 

2nm|df^50nm, 
5 nmgd a glOO nm 
0. l^df/da|5 

m«t^)»v^t^ £&3£&#***»&©&ffcfc «fc !>Mf© 

e&*fflfi^fc£3M®rt©fi&|f#*t<&>K 
©SL*i#£ b ?) , £2Httf£tmc «t S +#feB5fc«S# 

£tttt(£tt<Z>ff*#5nm-J: 
0 B£4B*&ft S z £ ifiX- ft d i: 

5. lOOnmibf^i:, J!ligifefScfc«fc ?)@5gjg©& 
»3&<b5bH8ai*n*Cfc*«*4. *Hftc3 5O*CW±0^ 
fBM&lZtS^Xy MR©2tfb#'J>;fcV\ &£bi%df 
da©tt(±> 0. lgdf/da^5f$5. 0. 1 <t 

<x *fc{*S«ll?t«kt)aE©aix#^:§<&>)^>-r 
[0 0 7 4] ±ffi*?au T«WB±fcJBtfar*u bu§3 

«S#»«. -©fctoJC^MJSSK.t^Tttit^fiAs 

[0 0 7 5] &m&mm£ VX&, Ag, Au, A1*J;WCu 

i*e>matiz'j>t£<£t> im&3u&& (5 owtxu 

±) t-t^mm^mmbi. <DlVa~VIa(Ti, Zr, Hf, 
V, Nb.Ta, Cr, Mn, Mo)*3<tOTIII(Fe, Co, Ni, Eu, B 
h, Pd, Be, Os, Ir)*»f>S«n5'J>:fe < fcfc ia*£jft 

«ISlJSi:©#JSM•Cfe5^:fc5!)S^if*bv^o ig^Sfe^JS 
M©ff^i:bTJ±x Scnm~ 10 0 nm*ISa\ la^KS 
AHnJB^bTtitRnmHRnmaft^ ^ti^nif* b 
V>o #(fllffl*-e±J««-fctt, 5 0wt%W±&t5»5fiE^- 

[0 0 7 6] '(flBIJI R]R % K^itWffllg^ 
6Mt£tiZ'J>t£< ti, ia©7cSRS^tr»S»*&tt* 

l±> SiO,, SiC, Si,N., A1.0,, AIM, Cr.O,, T 

iC, HfO,, HfN, HfC, Ta.0,, TaN, TaC, BN, B.C, DLC 

<r m>r ww-* 1 > ), c, , , $,5 v^±Hui3-fb^©ta^ 
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[0077] fpmm*. m&&m&t>m&nz>j> 

&<i:t> l«*>S>fcS&J§, ^S^tiS^JSi:, St 
SR> Si»K43J:V«UK»6aan%£U«< l*ii:©& 

r>, CPP-GMR»*ftjWfflbfe«a[««ESI«»Jtttt 

d©CPP-GMRffi?-t-fc}u 
SRTH^O. 0 l^m'JBlTtftfibV^. 
[00 7 8] 0 . 01 jxm 1 felTTf 

&©&Yb©KMI±±f3&Migia?^fc «fc t) qJH7? & 10 

[0 0 7 9] (pfHJgi:bTB\ SBi*&Jg©fea»T?^ *Rf 
£ s V, Nb, Ta, Cr, Mo, W, Cu, Ag, Au, Eu, Eh, Ir, 
Ee43<ttF0s*»e>a{inS'J>35: < £t> 1 UifiiftS. bW Z 

«3> gfb«5, gfltffe. «JKb$j*>&afcf*i£R (E= SiO,, 
SiC, Si,N, , Al.O., A1N, Cr, 0, , Cr.N, TiO, TiN, Ti 
C, HfO,, HfN, HfC, Ta,0, , TaN, TaC, BN, B,C, 
V<>fcm±©il^) ©XRig^tl, fc£V^X/R©«fc 20 

[0080] #mm*mtsm&m<D'j>t£< ict>-2f©'j> 

ttfls *fettr*;i/7T*»»tt<«: CPP- 

fi±S**;rfctfT?S*.«ate#SMIttttfcbTtt* 
0S^.«Fe.O,, HnZi^m^ K NiZ^^^ rfci:© 
7x7^ MJ»Cft«Sh5^K*WM«, 
r-SfflMb*,. **VMt^D^*-f MEfflWbKWPs 30 
liTMO (T=Fe, Co, Ni; M=A1, Si, Ti, Zr,Hf, V, N 
b, Ta, Cr, Mg)^©SMb«J3feflSS(*:*»»* UV>. SUKd 
*aMBMtfltfcbTtt, TN> TMN(Cd-C> T. Mtt± 

*a«tt«:i:bTtt, TMCCl^T-s T, MtiLhKfcHI 
bv^. T^;i/7r^«3f4i:bTli, m«C 
o(Fe)NbZr, Co(Fe)TaZr, CoFeB % Co(Fe)Ti, Co(Fe)Zr, 
Co(Fe)Mb, Co(Fe)MoBZr, Co(Fe)VZr, Co(Fe)MoSiZr, Co 
(Fe)MoZr, Co(Fe)MoVZr, Co(Fe)MnB^## S; bl^. 

[0081] mmmmm^ifim : ?-<D&&mm*m 40 
^tusR^hb-rfflv^s^h^-c^s, 

[0 0 8 2] £fcSieSifeM&f!USJn3R?tts 77'^ 
LXm^ZZtifiXgZa 

[0 0 8 3] *fcgE&&ttJf©fg?«a*©SiMifca, 
S&lifcbfc-rsi:, a/btf5<a/b< 1 OfelT-efeSi 
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[0 0 8 4] *fcSigm«iSJK^lSl>tSfl?*x 3 o o-c 
~ 4 5 0 •CCD$| 1 5&3iI&tC N 2 0 0 °C~ 4 0 0 *C©J&t§tfJ 

mm*m-rztx\ &tifcWR!&&%mzz.tifix% 

S. C^T% 3 0 0*C~4 5 0*C©a&5!Uitt, 
[0 0 8 5] »CS96«Ettfl:ftfflvV&3R^T»tt % 3 0 0 

•c~4 5 ov<omm#imm*M&tz.k."c* s&fcssv* 

[0086] *&W(DmmmmMm$mffmtt#m> 
TJUxmtmM-rzm&s tfimicMos&ir©^ 

«:SR?i:3l§ab««i*sM$nfcSffi±03fe< fc*. 
ttJi*»6**#JiBlft«JjEKIft N 2 0 0*C~3 5 0*C©JS 

[0 0 8 7] ^©xgli, H«£#©«g#S*>'J>fcV\ 
S£-tt#iS^©^*ffl<bmiT*fe5c:i:4 s fi : *bv>o XTKUB 

if©^b«5*«55b> raM^srafiffifc-rseosn 

X, 3 0 0*C~4 5 0*C©Stc#B^cK mtUcM 

>sm&ic$t>K.ffi.m*x§mm-tzzti2i, m?n&± 

£Mttttittfc UTtt, #HPtMn, PtPdMn#$?£ bW 
[0 0 8 8] *fcSjSSSiEM^ttSiBfS?*a»fflJStt 

c©ss«-chu MRAM©^ip«jao*aTfta««s: 

[0 0 8 9] 'i>*t<fc*, ^ 1 Sgl 

cpiajix jr i s s^ftjs, mtfimmm. n 2 s 

Jf> fg2tpMSx IB2H«ltCMi#M«:l»ft»tifc«ltt' 

huIB^ 1 B &M&m * fcttiuJB^ 2 g 
©'>«; < tttt(M2:mif£fMI#;AEXK:« 

[0 0 9 0] ^«tft#s® s?> b-tx ■ » 1 S«fi4ttSx 
« 1 4«HSs » 1 S AttttJf « J:V, « 2 g ft^ffigx 

ztx, miL&*®!gifih>*)Mm*m^zim#x 

^J^ttcfP^B^CPP-GMR^S^ffl 
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#>5Cli:#T-t5. Wgfi&ttJfi^ 2o©*IBJf££fc 

4>ft < t i> i J3 *s m&<*.m b.j&mim t. #£5 

[0 0 9 1] ?HKtt*4M«*bTR!)£3flM$ 
UT*)<fcVN„ *lMKtt<***bT«&*5^{*©«Mb# 10 

Stfx *nM©HC«^C#aEbT*K *S*i:bT*k 

[0 0 9 2] *& % 2ft&fi£**SJI©JP*#> 2 . 6 nm 
~5 0 nm-CJfeiaKSfflajW-fi: LT* «tv\. Mlfti 20 
«B©J£*#2. 6nmiHlUi:, 

fctt^as^saft^*^ < ft s fc«&c#* b < ft 

V>. 5 OnmiHf <&5i> ^gP&#©:0-*>©»# 

<&!k 2^>©e*aantji^bssiif© 

*§£#J3ft£;rfc{;ft£. ftMtt&nraic/B^&ns 
bTtt, ttCnettft^#, 1 0 0 0 fi 

cmWTT'$>S, Cu, Al, TiN, TiWN, CuAl, CuA 

ITi, Ag, Au, tte®att*flM£«&#«4£ bTfflnfc 

[0 0 9 3] 4J|4>B«ttt£J|^ 2@©SS^ 30 

e *j&«Eji©'j>ft < m&tmtftm&Km 

[00 94] ffirraft/g<z>ft£0!tt* JK 1 S3&8£&{*S/ 

is i s^ssttjg/^ i #mm/t& ls&m&m/m 2 * 
ma/sb 2 raattA/Ji 2 k3&ss&#a/sb 3 ®%m 
&m/m 3 *mm/m 2 g * mm/* 4 *mm/m 4 
@«antiB/«3s?sKtt«:®T*a. matttA** 

&-rb*>&Sftv^ ±ia«fiEi:1-S-i:^x 4A©»PfH 
A&fcoTMRSH^s fc£>V>ttCPP-GMRff??©h 

4®©4>ra®* i fco 
^^^©/J^b^qliefcftSo S6CTME*ft* 
V*TtJU ;W7*#c3*fc£^b<efe#T-i^ CPP-G 
MRCjSWrtiU i§ffitfrfb#aJiei:ftS. gSJSiSS 

»fc «fc i«ttSWbt»«T § S. ^AittAttttttttA 
WW»tt«W4:**«fli-i-*Cfc7J, gf&ttttA®&*l 50 
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[0 0 9 5] 'J>ft<fc* % BSg&ttA, fpR3Jf> 

is^tts^soi^nfcfiifigifewbs H«iag*fiStte 

^yyrmt&ls. fnB"y7r;tfR&/ty:7rA 
i:«^-S*tt(MaSiK: % #&tS7G«£ 1 0wt%~5 Owt 
MoAflnttfttfO. 2 TJWT©&J®'?fc3«£t 
JKfWt^fcbTfe.fcv*. SAttSAHU £A.Jte*PA-*- 
2 nmWTfciM bfc»^ fMMbfcJ;* 
fgIl*t3g©SLft-$\ f^S!l^©ISi®fij5Sftiffc:«ttnK^ 

tt#s&fls-rs. eassttjg^g^-sny^rjifcbT. 

<b*»W-r s. g&AttAtt*A'?.«J:<« 

5F*bU„ 

[0096] rtv7 7m<DmQmfc&EM%.&f9ffl'rz 

Qtemmmiztiuz. zim&™&&, 1 owt%~5 owt% 
[0097] 3;fc N n«> yym^^n^nmsiTt'm 

fc, 'J>ft<i:fcCi\ Mo:fc£mf*»£3«:JxS*J>ft<£:% 
ltt* $ ^*n«^Sln;«?i:bTt)J:v>. ^tvfe©« 
JftfciU mX.\£Se, Ni, Co, FeNi, FeCo, CoFeNift 
#fb-rs££:TS S£i8&«©&jKfbt;:&ftfc$&*£^ 
{fliKcii^MKW't-'bltl:, &t£#£NiFei; 
LfcNiFeCrAW * L < , (NiFe), , Cr, , ©ffljEila£et#$Fii 

[0098] s*jKtts^i>ft<i:t» im<oim 
fes^^jftss^tbTfe^v^ a*«tiya*fistt^g 

^J^^^@^^^^4®^&^ ; E';i:bTffl^^5®^t:, ^j^lk 

n*Jifi&T-r2>£\,\o*Vyh&&Z. b^bfttfe,, 
-*T*tt % KuV/kBT «utt-«W*tt3i*;mF 

**n*«fcS««Hg»t*V>-C» Ku (iWB*=2Ku 
/M;Mtt^fb) &'h$<ft€>fe»{C N ^«U<D«hS£ 
bfrbfttffe, ^BfbbfefSO^^'J 
(SAttttA) F«3{c:^*ni»^tt^B©(*«V*^^< 
fSCii:{cj;t), »Sf^ttttra±flIie-e*5. ®S«;A 
©^:MffJ±4 nm, ft& U < 8 nmtt±"f*i C 
^ff*b^^o 

[0 0 9 9] *!6W©S4^«iiT0R?©g*)#Ji6ftS*fl! 
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e M&*mm*m$t*'P i *< 2 s©^® ©fiat* 
%Mf$,m&*m^xBi$,-r s 0 t*«b/ (r«ijg) / 

/&bT*>«fcv^ £©^JBJSI£*1tS!fc;&0XU «S£Jf 
HWMWTJ«-3^«, ±SJSgi£JJ5f«b, TSBftffii:± 
S$««ifHfc«ii(E£iSb, ?&&Jg©H©?&fbffl*tfS©£{b 
tc*6bfc«E&<b£^iro 

[0 10 0] H&f&tiH, MMffifM* « 

#^>3> (IBD) , i^X*— >f *>fcr— A, R 
F, DC, ECR, ^'J3X I CP V *f|Sl* — jf» h 
££;©;*My*y >^i£, MBE, -f ^-f > 

ff?©JS^, -f*> (77X7) , 9i>**m*s 

mmto&&* &fcMm> mm*®m-rz>z£XBHfoz-& 

T^®!bTfcJ;v>. 77Xv^, 5 5>*;i/fMlK:au E 
CRMS, ^P-ifcS, RFfitm, ^'J3 >$fctt I C 

co i o i] ifc^iHcsttasttjR^io^^iDxtt, 
^©^m&axxD^T-fflv^ns^:*^ <j >£\ 

R I E s E B, F IBmomtti&Z^Wk^BQx-y?- 
»gCJStfceiSffiHfc7* h 'J V^77-f 

©¥Sfb©;fc«>tC, CMP& ^7^?- ^;*>tr-A 

£. 

[0 10 2] 

[*GKM] G8KM 1 ) h d >*/t » * >J 

©us?©£§&Ji£0 i fcjj**-. 

Ta(3)/Cu(500)/Ta(3)/PtMn(30)/CoFe(3)/Ru(0.7)/CoFe 
(3)/Al,0,(l)/NiFe(8)/Ta(3) 
(tf>?>2) 

Ta(3)/Cu(500)/Ta(3)/PtMn(30)/CoFe(3)Au(0.7)/CoFe 
(3)/Al, 0. (l)/NiFe(4)/Ta(3)/NiFe(4)/Ta(3) 

(•y->7*;i/3) 

Ta(3)/Cu(500)/Ta(3)/PtMn(30)/CoFe(3)/Bu(0.7)/CoFe 
(3)/Al, 0, (l)/NiFe(5)/Ru(0.7)/NiFe(3)/Ta(3) 

TKl&TFfflm ZZX\ Ta(3)/Cu(500)/Ta(3)tt, 3HR 
1 0 4 ±<DTf$mmMTim 10 3, PtMnttH&ffi * 
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fr, CoFe(3)/Ru(0.7)/CoFe(3)tt@«i&ttJIl 0 7, Al t 

Otttfiajs io6, m bws&m&m 1 o 5 (mmmr* 

[0,1 0 4] aWESIfeWfcJ:, 2 4 0*C, 5 k0e©Sfc!f* 

t- 1 . 5 KFHff o fe. *ft*tu9*Jiii.* 7*h'jyy 

±a5S©i 0 l^mbTS^^gg^^^ 
i: bfeo 0^ bfe «fc a t g aasfesSsiE^sEnsffls 

Sltf&Sfcbfe. inxbfeSR^iOMRSiajKEBJSf^ 
JCJ:t)^MT-«S^b}fe. 02~04C^>7;H~3© 
M R mm ( 5 x 5 Am' ) £^1% R AUmtite&tB, 
ffi)ttfiT*ife% 60~70Q/zm' SlffeS. 

*8<fcjjsb, MR|±**veft2 4M3 0%gltfeo 

fc. — 7?, y->y r Ji'3r-&.. mr{±2 5%mKt?, 40 

0 0effi®C#®l$&MR{B©gffi#m£>ftS. CDfltt 
* > 7VI/ 3 X t£.m&.temx $> SNiFe|SJ± 

tm<Dmbthxmmzixti<b(D£mt>ixz 0 ?-&£> 

3 mfb<om»<D iat, if>7;n, if > tvi/ 2 
Tl±, ^&^#&<£SfcoftTgE«£)l©m;& 
|SU±^i^®*|Sli:|5l-*lRlt:7£'d < *©i:©t)tiSo 
-y->^3K43V^TH:, BUStfJSV^ffitfJg (# 

mmm<DM&<*m'> ifi^mm^M^x-mm-^m^ 

T©&Yb;£|Rl#£¥fT) (CfcStf, 4 0 0 OegKT-, 

30 i &mm<oim&.tm *ms±.-r<Dmmi*-B.x v 

©S^fftt^^n, MR*s<gTt-St)©i:St)ns. 

^M©{c*f bTl^l-{355:5 -5 i:1-Sfc«){CMR#ti^: 

[0 10 5]ifclC, Ctl^Ct^^^C+SO Oet® 
MRtt^©Jg*»^, f>7*lfttMiJ^<, * 
fc^Mfl^^SV^ -y->^;i/2fttla^**JS4)/h$ 

[0 10 6] HefcfWh©*^^©, JR^MitJt 
f 5*taS7J©^<b&^-r. ■y->7 , ;i/lT-tt^?^'fXA J 

Jt^.T^?*i©JS'J>^*f-r5ja^7J©ii^:i» J ^A i T-, 
2 x 2/fm'©^T-{4-y->7 , ;i/ 1 &T®ZMfa* t M.t>ti 

jf^ijifc-rscifc-CN *Rfl<jKs^#©ft@^§tts«s 

50 e.ix5o -7J, ^>XA2fli, $rBK*<DJt*BU 
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Z> £ fgyt)1% So 

[0 10 7] tf>r/i>2K:ovvt, nveiz^t.titz^m 

Jtfftf-fXtt* 2x2/im' tbf;. £©*£*, TaJP# 
#2. 6~1 0nmCD®HT-(i-^>7 , ;H«t»3*,<gv^tn; 

#8&tt#:Jf fcbTTa©fifi N Ti, Zr, Hf, V, 
Nb, Ta, Cr, Mo, W, Al, Sift, SiC, Si,N,, A1,0,,A1 10 
N, Cr.O,, Cr.N, TiO, TiN, TiC, Hf ft , HfN, HfC, Ta, 
ft, TaN, TaC, BN, B, W2 ZlZ-o^xm^tz £ Z ft 

m&o&M. mik®, sfb^ £mtix&-?x 

[0 10 8] »>:T/b2K:oVvc m^-v-ix* 
2x2^m'kU Ta^tr2®ONiFe©Jp*{COV 1 >T 
m^tzo £"f> 2S©ff»&|5]C.{CbTff^&^b?# 
tz£Z*>, 1 nm~ 1 0 0 nmXlt#iMl3<Dm'Pifimm 
Xgfz. Z(»mB(DtfcmX\ TaJl££fetr2Jg©NiFe©JP 

*s^s«t^{c^sbfci:^5> mtmrnxibzhz 20 
ttt&isxtfmtiit, mbu-fzmfaifi&ztitzo z<dm 

•y-yXJVa : NiFe(X)/Ta(3)/NiFe(Y)/Ta(3)/NiFe(Z) 
-y->^;i/b : NiFe(X)/Ta(3)/CoFe(Y)/Ta(3)/NiFe(Z) 
t*->X;i/c :NiFe(X)/Ta(3)/NiFe(Y)/Ta(3)/CoFe(Z) 

feo Z<D&m. •y->7jba.Xl±, X + Y+ZCDff^**-^ 
3£©sfe{*fc *HT, X + Z = YClfe^T-ffiV^^^AS^ 

£ft> $e>tx=z©i:taes^flt^&. 

^bt-lt X + Y+Z©JP##-^©|feft=K;}3U-t\ 30 
NiFe©fig#H&{b£Msl, CoFe©fSfm&fb£Ms2i:?-.5 

Msi x (x+ z )=Ms2x Y<Dm&x-m^tm±ivm t>tl, 

H'-Haii X = Z ©B#T* $>-2fz„ £ £> fcif- > X;i/ c T-«\ 
Msl x X+Ms2x Z =Msl x Y©B#fc^irH&;2j£f#fc. 
[0 10 9] Ztit>(DZ£frt,, SAl^S^Mti 
«&&#JI©?3. tpffflJHKlJ;»)m (m= 1 , 2, • • •) 

m>m»T-&5Mmxdm©j^*[j£:^Rl$tcS§!bV^g 40 

iz&^mmti&m zm^MtfLm^ifi nngfc&s .r £&& 

[0 110] jfcfc, -tf->X;i/3fcoVN-?\ NiFe£&**i 
fc^ft&tt&JlfcbT, V, Nb, Ta, Cr, Mo, W, Be, Bu, 
Os, Bh, Ir, Cu, Ag*fcfc^u£/g^TjSiH&;t>©£<b£f§ 
^fc. m^-V-J X&2 x 2 jum' tVtz. V>7)1>3£ 
ffl&Vz. WM±><Dfc1fiV^7)l> 1 <fc ») /J\$ < £S#&f£ 
#©ff*tt x VT-tt0. 9nm, Nbt&O. 9 5 nm, T 
aT-tt0. 7nm, Crete 0. 7nm, MoT'ttO. 5 2 
nm, WTliO. 5 5nm, BeT'ttO. 4 2 nm, BuT- 50 
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\*0. 8nm N IrT-{±0. 4 nm, CuTttO. 8 nm& 

*:» ^ft^tu iiN&f£#Jl©;p##if jtsttg 
v\ v^fc/Ufa8;*j#t>->7Vui fcH*c*i?«»^u 

VT-tt l. 8nm, CrT*(i2. 5 nnu Be"Ctt 1 . 5n 
m, CuT-«±2. lnmfct^tl. 5~2. 6 nmf 

mvm'p-rzztifimmxztzo & ^en^©. 

14^©®ffttfigMj^6^P,g|flLbTV>5fc4{)t, gig® 
IKiPi:{i^'>©^M^ife5 4,©i:St>nSo £fc2. 6 

nmi*±x-&tmij<Dffi'pi l zmm.x-gzt>(D<D, v>y 
jv2tmm, *v>7v yzr&mfflx'gt£frr>tz 0 *m 

«60iJ©#8ft4&fciu -^TG^T-fesiS^ cn^.©7c«<p 
& if ££*S£-»$-fcigi§r$JT-& -p T t) «fc 

[0 1 l i] •9->r;u3StF-tJ->7';n ta*^ 

V>7)l>d :NiFe(2xX) 

^>X;i/e : NiFe(5/4xX)/Bu(0.7)/NiFe(3/4xX) 
(JS3Ef*3©5£ti:NiFe©jp^ *Mnm)tU X$^i 
5 i i: tlttftlOlf «c#tt6^^fc fc; 5, 0.5 
nm~l 0 0 nmX'tHV>yjUb<Dm^t5^Xtmtl 
<Dm>}>1fimmX-%tz. 1 0 0 nmfiLkCovvcttjKTtti 
XASBSiT*fe■^fcfc^?)^cS!J^*^ft5TV^)S:^^*J > |^«© 
£&*#»3f#T- £ S i> © £ JBfcft 5 . 
[0 1 12] £©BUP©$SBT-. BuJl££fctr2/g©NiFe 

©ff^*si5ibfc*s«tdfc#«ibfei:^^ mttzmm 

X & Z £ g £. JtK LT M R bfco 
[0 113] -©^^©JKJ?!!©!!^^ 

•y->X;i/f : NiFe(X)/Bu(0.7)/NiFe(Y)/Bu(0.7)/NiFe 
(Z) 

V>7)\,g : NiFe(X)/Bu(0.7)/CoFe(Y)/Bu(0.7)/NiFe 
(Z) 

-9->7Vl/h : NiFe(X)/Bu(0.7)/NiFe(Y)/Bu(0.7)/CoFe 
(Z) 

{cov^T:x, y v zzm^izgytz-zzztx-m^rz. 

Z<Dmms f>7^ft-lt X + Y+Z©^*s— j£© 
*fl=fc*V^T^ X+Z=Y©^T-MR*S/Jx^<«:>)^ 
$e>tX = Z©i:§K««/jxfiti:^ 0 fc 0 *fc-tJ->7-;i, 
gT-tt, X + Y+Z©ff^-^©|fe{4tfc43VAT, NiFe 
©ISffi^fb *MS1 , CoFe©f&KH8fb &Hs2 £ T 5 £ , Msl x 
(X+ Z )=Hs2x Y©|fe^T-MR{i/J%$ < S^fit 
ttX=Z©I^T-^ofc 0 ^fetC-y-^^HiT-ttMSlxX 
+Ms2x Z =Msl x Y©^f{cMR*ift/|s{Si:J5:ofe« 
[0 114] iMCIi:* 

ttft:ii©rt> *F(9Jf<H!l<J; Dm (m=l, 2, • • •) S 

Efc&mztitzmG&mz. i^im^b. «ui3^tt 

m©¥^f&IPlKb M m £ d m©« & M m x 

dmttSt mtf^&T'&SMmxdmOJl&fmb^ m 
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ifi&l&X- & S M m x d mfiD^lP £ 5 SMilitSS&S, 
igJfCff^T- tti^M R £ *f "T "116 £ £ 3 

[0 115] feLLTtt, saiissofflsftii'iva 
£&&Jf©*fSJf £b"t, NiFesfc&ttCo 

[0 116) *fcW±©H«6^T'tts *RSJf fcbTAl.O 

[0 117] (*5fc#l2) Y^*hD>^»*U>y 

[0 118] (V>?Jll) 
Ta(3)/Cu(500)/Ta(3)/CoFe(32)/Al, 0, (X)/CoFe(3)/Eu 
(0.7)/CoFe(3)/PtMn(20)/Ta(3) 

df->7Vi/2) 

Ta(3)/Cu(500)/Ta(3)/(CoFe(4)/Ta(3)/CoFe(4))*4/Al,0 
,(X)/Fe(3)/Ru(0.7)/CoFe(3)/PtMn(20)/Ta(3) 

Ta(3)/Cu(500)/Ta(3)/(CoFe(3)/Eu(0.7)/CoFe(5))*4/Al 
, 0, (X)/CoFe(3)/Ru(0.7)/CoFe(3)/PtMn(20)/Ta(3) 

(CoFe(4)/Ta(3)/CoFe(4))*4i:fciu <CoFe(4)/Ta 
(3)/CoFe(4))B£ 4 EM t) SS bTtfm^fe£fc^*-T 
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5. 

[0 119] &mm&7* hU yW7^-MV^T, 
•en^?H«tf2x5, 10x25, 20x50, 
4 0x 1 0 0/zm' £fe£J:3£^MlcfRtlllttXb % 

fe. £ft&©jR?T?ttEIli:fSfe!>> gE&8&ttJI10 5 

«"TSfc*Ai,o,<z>Mwxfck ^ft^twDMswtet&vv 

10 T, ffl^lOOQ *§Si:£S«t-5KIgU?£gifib 
fe. «linx^ s 3 0 0*Cv 5kOe©&#Nn? 1.5 

[0120] m 7 ©jettKuwaini bfe-y- > 1 ~ 3 

K:fcV^ *ft^ft©tfa&;*ji:MRi:£It8tbfc 0 ifg* 
* (16 1 ) fcjjVTo ^iSSA J 2X5~2 0X5 O^rn 

^@«*S4 0x 1 00 //m'T-tt, tf>7>2, 
tJ->7VU3 i:&MRtti«v <>*>©©, U->7";i/3©!ni^ 
20 l±1*>:7;i>2£±@^TV^£fc#t>i>>5,, 
[0121] 
[3U] 



2X5 



10X26 



20X50 



40X100 



MR(fcySt«# 



39/49 



40/18 



41/15 



37/9 



MR(K)/8tf8A 
(Oe) 



46/40 



46/16 



48/16 



45/10 



MR(56)^t«* 

m 



46/3 



47/3 



49/2 



45/3 



[0 12 2] |ilb*>7*;i/S:x E 8 ©ftJttCf&Sffl 

ADXb-tS E&8H4Ji©®»£f^ia§U ») < bfc 

MRtt^n^m-2%fei.±rp|±b> b^^u 

[0 12 3] (S&&E03 3) vy*bo>xrW*U >^ 
i£tc£ >)Siltt^b»tR±tWT©^?^Sbfco 

[.0 1 2 4 ] Ta(3)/Cu(500)/Ta(3)/PtMn(30)/CoFe(3)/R 
u(0.7)/CoFe(3)/Al, 0, (1.5)/CoFe(dl)/Ru(0.7)/NiFe(d 
2)/Ta(3) 

[0125] *n*tuD&mm*y* mj 

Aqxu JRniSAKft^J^x ±gP*fii&Bf!EU 01 
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fc. gftgUHfettHu 2 6 O'C, 5 kOeO^ffT- 1 . 5 
BSISfTofc. fMRL&*?*± 2 0 0 OefflWifflKlf^ 
f MR *m%. U lt©a<J/Jx^.gP^t 3MR©^b 
feSS^fco («2) fc^-f. A, CI^-Cn CoFe© 

f&RH&ttM 1 li, 2. 15T\ NiFe©SSfn$tfbM 2 Ji 1 Tt 
d©mjEKfttCoFe*s<tt)^t:>^Sg^-efeS. 
^tpNmiifciu ^SK&^fclSg-rSfflJaiSffd 2 2 
d 2 2 =(M 2 x d 2 -M 1 x d 1 )/M 2 <fc DSffi U 

T-fe5o SfcJu Mlxdl-M2xd20iMItfe 
5. 

[0 12 6] 

[a2] 
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Ul 


49 

u^s 

( nm ) 




<M2Xd2— 


Km 


MR 


2 


4.5 


44 


0.2 


0 00008 


40 


2 


4.8 


18.2 


0.6 


0.0002 


46 


! 2 


5 


13.28571429 


0.7 


0.003 


47 


2 


10 


2.50877193 


5.7 


0.004 


49 


2 


20 


1.547770701 


15.7 


0.008 


43 


2 


30 


1.83463035 


25.7 


0.012 


41 


2 


50 


1.188183807 


45.7 


0.019 


40 


2 


100 


1.089864169 


95.7 


0.036 
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[0127] (342) «fc?K (Ml xd 1+M2xd2) 
/S©ffi#l. UH*§<20iDt)'J^<^ 10 
Nm#0. 0 2<tt)*'h$W^-eii5V%MR4sf#e>tvS 

^liMRtf^U *fc(Mlxd 1+M2xd2)/ 

[0128] *fc#f!5£#|-efclU feSStetmi: bTNi, , 
Fe, , &&XV>frmmttm£ bTFeCofc^ft^ftffl^fc 

^ ±I3{c0!l^ufe*^^s^*fflv^T*)li]«©^As^#e,^^ 

5. 20 
[0129] (fU£#J4) tg9{CjjVf\ r^^Xtf-f 
£f£Sbfc. NiFe*y3rT-#ffigbfcTS5 
^>-;i/ K 2 0 1 ±fcT*/f 2 0 2 i: bTT 

ax S^B&ftJl 2 0 7 i: bTPtMn(20)/CoFe(3)/Bu(0.7)/ 
CoFe(3K *HJi2 0 6fcbTAl,0., &1SB«E#S2 0 
5 £: bTCoFe(l)/NiFe(4X fiUUI2: LTTa(2)^figJKb 
&©•£, ^-frSCWBHiniMKU iSF^^iK2 0 3* 
Jf£j£&. ECRTrTafclB^ il^Tfg 2<&14{*;Jl-C-;&;5NiF 
e(10)t?«^*nfc7^y^X*-f H2 1 OfcJfcjj&SU 
im&&m/m 3 &<4#Jg 2 15f3& SRu(0. 7)/CoFe 30 

(2X *ra»2 1 6t-fe5Ai,o., mi&mmz 1 7t-fe 

3CoFe(3)/Ru(0.7)/CoFe(3)/PtMn(20)fc&^JI£^J& 

fffl&H!8l2 1 3*i&*U m&ft&m 2 1 2 fc±«V- 
;H* 2 1 1 S^Jtfco 

-5. 

[0131] TSP^-;i/ h*20 l/tt£t»N» 2 0 2/Pt 
Mn(20)/CoFe(3)/Ru(0.7)/CoFe(3)/Al, 0, (1.7)/CoFe(l)/ 
NiFe(4)/NiFe(10)/Ru(0.7)/CoFe(2)/Al, 0, (1.7)/CoFe 40 
(3)/Bu(0.7)/CoFe(3)/PtMn(20)/JK^(8te2 1 2/±gB 
K 2 1 1 

ifefc, CCD-b>-9--*2 6 0^©&«#T-fSft«rS- 

i:-c% mmm&m 207 £:S5g&i*jf 2 1 7 <2>&ms£ri 

2fiajtC@£bfc. S^tti*:® 2 0 5 ZMftfrm 2 10ttSi 
»7»J *fc8at#Jf 2 1 0 2 1 



-f Ki:±SBS«iF^fflS(4^V2i:U -€:ft-eft©m{Si© 
MSiai 0©£5fcBi-5;:fc-e, s/N©Sv>-fe>^tU 

[0 13 2] *fc**SS0iJ©ffe, gftfiHSIi^^^'Ji: 
LfcMRAMfi:^ti, ifcViS/N$tt3C&#-C 
Sfc. 

[0 13 3] C^fiSM5) v^bD >J>^ 
[0 13 4] 

Ta(3)/Cu(500)/Ta(3)/(CoFe(3)/Eu(0.7)/CoFe(3))/AL 0 
, (X)/CoFe(l)/NiFe(4)/Ta(3)/NiFe(6)/Ta(3) 
(U">7';i/2) 

Ta(3)/Cu(500)/Ta(3)/(CoFe(3)/fiu(0.7)/C6Fe(3))*10/A 
1. 0, (X)/CoFe(l)/NiFe(4)/Ta(3)/NiFe(6)/Ta(3) 

Ta(3)/Cu(500)/Ta(3)/(CoFe(2)/Bu(0.7)/CoFe(3))*10/A 
1. 0. (X)/CoFe(l)/NiFe(4)/Ta(3)/NiFe(6)/Ta(3) 

[0 13 5] iit, (CoFe(Y)/Eu(0.7)/CoFe(Y))*10i: 
tiU (CoFe(Y)/Ru(0.7)/CoFe(Y))Jl£1015|jg!)&bT# 
S5bfc3i:5iici*^-S. CoFettfSW^b* J 2T> 
NiFettl T©fc©£ffl^fco 

[0 13 6] *ft**X©^HIg£:7*M) VV=>7 4- 
fcffiUTfSS^HIft*^ x 5 N 10x2 5> 20x5 Ox 
4 0x 1 0 0/zm' {C5&^«i;^«c^-9-M{c«SifflAoxu 

>r;H~3©^raiiT-fe5Al 1 0,©MffXtt, *ti? 
Jx©fiS^E*fc:fc^T> S95g«# 1 0 0 QgSfc&Si 
dtflKi»*^Sbfc. fS»0X^ 3 3 0-Cx 5k0e© 

[0 13 7] -£*vetl,©MR£±5 0 0 Oet-^bfe 

(*3) c^-r. 

[0 13 8] 
[313] 
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36 



r*+ —T VTA. ATI 








(Mm) 


MR(%) 




MR(56) 


2X6 


26 


80 


18 


10X26 


27 


32 


18 | 


20X60 


26 


31 


22 


40X100 


17 


22 


10 



[0 13 9] f>7;HM2fli, £ttatf£tt*Rb-C 
T-fcJu ft^MSCDMR^S^Lfco ^®fit#4 0 

x i o Ojum'(D^^(DV>yjvx-it. -y->:r;n~ 

3i:fcfcMR©{£T#;*:$VNo ^nau 
IT1 0 0 0/zm' &j@^fc<fefet)tN H^&tf^lrt© 
^©fMtttotf^b^ofcfctofcJgfcft*. 
©jfrFJBttCtf^T** -9->r;i/i *fctt2<D**Sitl^ 
MR^^bTV>So -i>->:/;t/3-C-©MR©{gTfci@/&K 
t> S (CoFe(2)/Ru(0. 7)/CoFe(3) )*10jg *> £ Mntt 
bs e 5CoFe(l)/NiFe(4)/Ta(3)/Ni 
FeJg©&EfcSUx££b, MRtf&Tbfc&CfcJ&frft 
5. £fctf>r;i/l fcifc^>7;i/2©MR#il5V»© 

bfcS^tSJf £bTfi&^TVNS*>©fcJgfc>ft3. 

[014 o] 0««ffig*«j£-*-sfis«:# 

Jl©l*3> tfP^«I<tt)m (m=l, 2, • • •) 

m©¥i&!&ftH&fbMm t^JKJPd nUDlSMm x d m 
ii-r&hL, mMS[f$5Mmxdm©efil^ m*Mg 
f»T-fcSMmxdm©mqi:ilf€l$t:^bV^£TN 
V^M R Wmmx- £ 5 £ i: S . 
[0 14 1] &ld, •9->7 , ;i/2fcol%Ts CoFefc&£;h, 
fc#&&#Jf hbT, V, Nb, Ta, Cr, Mo, W, Re, Ru, 
Os, Rh, Ir, Cu, Ag$fcfc£Aufc:-3^TMR©gYt;£Sa^ 

feo mmm&&2 o o~4 5 o*ctbfc, fg?tM x 

l±2 x 2/zm 1 £bfc. ■t>->7';i/2 t|eJ«t: N ?I^MR 
tf^ftSlftBttttO^Bu 0. 3nm~2. 6 nm 

1#{Z0. 6nmJ£i.T©mff©-9->7';i'T*{i, MR©fiT 
tfiUfroL ^fifttbtli, ±§3©^JStc^©-& 
& fcSV%tt£ft£©&®5tfil£5 0wt%W_h^tr&& 

* tz mti&nx- Sot* na©«j* sit #stigT- 



[0 14 2] Sft$Wi©J*3<*i;bTfct, 0. 3 n 

10 m~l OnmffeStgt, it5^MR&it8iT-£fco 

[0 14 3] (HS(60!l6) v^hD>^y1s;^U>^ 
ffifci !>Si&&fbg«±fcfeiT©f^£f£§!{bfc. 

[0 14 4] Cfr>7JH) 
Ta(3)/Cu(500)/Ta(3)/CoFe(3)/Ru(0. 7)/CoFe(3)/Al, 0 
1 (X)/CoFe(l)/NiFe(4)/Ta(3) 

Ta(3)/Cu(500)/Ta(3)/CoFe(3)/Ru(0.7)/Al, 0, <0.25)/Co 
Fe(3)/Al, 0, (X)/CoFe(l)/NiFe(4)/Ta(3) 

20 Ta(3)/Cu(500)/Ta(3)/CoFe(3)/Ru(0.35)/Al, 0, (0.25)/R 
u(0.35)/CoFe(3)/Al, 0, (X)/CoFe(l)/NiFe(4)/Ta(3) 

(•9->^;i/4) . 
Ta(3)/Cu(500)/Ta(3)/CoFe(3)/RuA10(0. 8)/Ru(0. 35)/Co 
Fe(3)/Al, 0, (X)/CoFe(l)/NiFe(4)/Ta(3) 
dZX\ CoFefcM&W&Yb** 2 . 2 T, NiFefcfc 1 T © t> © 

[0145] ^n-en©^-jgiK^7*h';v^^7-f- 
bfco i& tJ->r;n~4©ttJraJBT-fe5Ai,o,©j^ 

Xtt, *ft**UD*^BMItK:$3V>Tv RA# 1 0 0 Cl/i 
m' aK^&Sii-ptcbfc. 

[0 14 6] ^ifflAPX^ 3 0 0*OKV4 0 0'CTn 5 
kOe©&JWT- 1 . 5V%mmm*l7itc. 

[0 14 7] ^en^n©MR&±5 0 O0eT-«l^bfc^ 
Mk* (St4) {C^1"„ 

[0148] 

[&4] 

40 



fig 

OS) 


MR(%) 


MR(%) 


MR(%) 


MR(%) 


300 


48 


43 


35 


30 


400 


2 


16 


13 


11 



[0 14 9] (SM) t^t-<k3IC, B£tt(MI®^tt S&T-tt«&MR©<gT#*£*»ofco £ftttflb©-!*-> 
&teJgfcbTRu&;8^fciJ->x;i/lT-fciu 3 0 0-C©^ TVi/fcifc^, m%Mft<0'£i'b1fiWL*>*.*fr^tzz.hif> 

jjiaT-ttgfei^v^MRs^bfc*©©, 400 -ccDnyia. so voYm/&i&mh*m<Dmw&i*mm\z&vn,n 
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ofe„ it>^;i/2~4t:©4 0 0°CT-©MR©<gTfc 
Mtttf^ffeo feci fc#d*ftTV^ 5 &© 

£>tl5o 

[0150] *fc-©ffe©*^e,, *ntflakbT 

tiu ^JgX(X=Cu, Ag, Au, Ru, Rh,Ir, Re, 0s)h$fb 

mm. mm. wam»e>mati*R cr= sio, , 

SiC, Si. Hi , Al.O,, A1N, Cr.O,, Cr.N, TiO, TiN, Ti 
C, HfO, , HfN, HfC, Ta.O,,TaN, TaC, BN, B,C, feSV> 

ttCLhea**) &x/R©2m±fc§5«flsfc*- 

[0 15 1] (2lflS0!l7) Y^hDV^!?^^ 
i££«fc D-«B&lf^T-Si&&{b^±£fclT©5^£f£ 

[0 15 2] (■y->7;n) 



X 

Mn 
Ag 
Hf 
Ta 
Nb 
Cr 
Ru 
Pt 
Cu 



bcc 
fee 
bcc 
bcc 
bcc 
bcc 
hep 
fee 

fee 



(20) SH200 2-2 040 1 0 

38 

Ta(3)/Cu(500)/X(3)/CoFe(3)/Ru(0.7)/CoFe(3)/Fe, 0 
, (0.25)/Al, 0, (X)/Fe, 0, (0.25)/NiFe(4)/Ta(3) 

Ta(3)/Cu(500)A(3)/Co(3)/Ru(0.7)/Co(3)/Fe, 0, (0.25) 
/Al, 0, (X)/Fe, 0, (0.25)/NiFe(4)/Ta(3) 
ZZX. Xtt, Hf(bcc),Nb(bcc),Ta(bcc),Ru(hcp),Pt(f 
cc),Cu(fcc)£3lT, CoFefcfcb c c#figi;fc;S& 

[0 15 3] *tl*tl<D&mm*7 * h V W?y 4 - 

bfco i^x t*>r/H, 2©tfHJlT-&£Al,0 1 © J B|^ 
Xtt, **v?*U!>jR?iBttt::&V^ RAtflOOQ.tf 
m'flflfi:fc3J;?fc:bfc«, fiEKK^©MRfiSSSd^b 
fc^SS OS 5) JC^-To 
[0154] 
[jfe5] 

bcc | #>^;W2 hep 



10 



S 

8 

16 
15 
13 
15 



MR (96) 



10 
11 
8 
16 
13 
14 
21 



[0155] ^©ftb©^©^*, m%m.&m&&&i* 

IVa~VIa, VIII:fc«kW:u«J; bM&tiZ'Pte < Hi© 

if-otzo cne>©T«6^fflV^fcMRtt, FeMn^© 

J: *) fcitSMi^T-MR©^*^^ 

< loffl*SiHijg, 3=fctt> WTftfctfb c c«j& 

^MR^5iJgtf&5c:i:tf^^ 
fee S&Ch?)©t>7;Vk, TftJg©ttfc> +> KFeMnS 
fct±IrMn&/B^fctf>:7 , ;i/£3 0 0~4 5 0'C©?KS(f 
X-mm&(DMR*it®.LtzbZ^ **6(6^J©TSb5& 
/B^fcSifi?8^«ta3&*^?©##> jg^MRfc^b 

[0 15 6] (HJS0tJ8) V^bD>Xy^^^U>^ 
S;£«fc DH^#f*T-Si&^b^±fcJSTF©f^£f£ 

[0 15 7] Ta(3)/Cu(500)/Ta(3)/X(30)/CoFe(3)/Al,0 
, (l)/NiFe(4)/Ta(3)/NiFe(4)/Ta(3) 



[oi5 8] ^n-?n©^jgM^7*h>jv^v7-f- 

30 £^TiSi^ra«4S2x 2/*m'fc£5£5£^Si£ 

bfco 3 5 o*c, m&tpx-mjm&aMRte&mfeLtz 

(*6) est. 
[0159] a«t»ia«ft*«fbfe*©fc-3v^ta:» 

[0 16 0] 
[«6] 



( 21 ) &m2 002-204010 

40 

[0161] (316) ©iot, R%mft&mifi, Mn, 
Tc, Eu, Eh, Re, Os, Ir, Pd, Pt, Ag, Au*5 iVAliPf> 
SKn5'i>^< lSlfcCrfcCD^tfeSfcg, «ft 

[0 16 2] YnhDW-^iJ^ 

io [0 16 3] (it>r;n) 

Ta(3)/Cu(500)/Ta(3)/X(30)/CoFe(3)/Al, 0, (l)/NiFe(4) 
/Ta(3)/NiFe(4)/Ta(3) 

(•^>7-;i/2) 

Ta(3)/Cu(500)/Ta(3)/NiFeCr(2)A(30)/CoFe(3)/Al, 0 
, ( 1 )/NiFe(4)/Ta(3)/MiFe(4)/Ta(3) 

(■y->r;i/3) 

Ta(3)/Cu(500)/Ta(3)/NiFeCr(2)A(30)/Co(2)/CoFe(l)/ 
Al, 0, (D/NiFe(4)/Ta(3)/NiFe(4)/Ta(3) 
ZZX\ X jiHn^-^ (DEimi&ttmX & S . 

20 [0 16 4] *n*ix<D&mmz7*hvw^7<(- 

&fflV>T^THS* s 2 x 2/im' fc:&S«k-5 
bfco 5 kOeO^JgcfT* 3 5 0"CX-mm&(DMRm%: 

m&istzmm* (am t^-r. 

[0 16 5] j& ^iffiJ5g^«fLfc*)CDt:o^TH:, 

[0 16 6] 
[S7] 





MR(fc) 


MR(X) 


MR(%) 


*lrMn 


6 


7 


9 


*FeMn 


7 


8 


10 


♦Pt^Mn^ 


1 


1 


1 




18 


24 


25 




26 


29 


31 


Pt„„Mn^ 


17 


19 


22 i 


*PUMn*> 


2 


2 


2 




1 


1 


1 


PdUMiVm 


11 


14 


15 


PdUMn™ 


16 


18 


20 


P4«Miur 


12 


15 


16 


•PAJ^n 


1 


1 


1 




1 


1 


1 




16 


17 


21 


(PtPd)Mn 


23 


26 


29 


(PtPd)Mn 


16 


18 


20 


*(PtPd)Mn 


1 


1 


1 



[0 16 7] mi) <fc »K Pt£fcfcfcPd£^r-r3Mn!& 9SAK:&Vvc6 % IrMn. FeMnW±®flffJ5SM4£grr. * 

fiafiatttttfttttx ^f«®ia*si5BBT-x 3 5o*c©&u& 50 tz, zti^(ommmco^>yjv\z^xwsMxm{m 
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MK(X) 


JLrmii 


6 


1 iveMn 


7 


CrgoMnjo 


25 




27 


CiTc 


10 




3 




20 




26 




24 


*Cr Tfl »u„ 


2 




4 




23 




27 [ 




25 


*Cr«Bh„ 


7 


*Cr MH R«w 


! '6 




14 


Crgr>Re lft 


25 




17 


*Cr„Re„ 


5 


CrOe 


12 ! 


Crir 


19 


Cr^Pd*, 


12 


CrPt 


13 


v CrA* 


11 




19 




13 




22 




20 


CrPtRu 


18 


CrPdRu 


17 


CrPtRe 


16 


CrPdRe 


18 


CrPtRh 


16 


CrPdRh 


13 



( 
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UZm^tzhZZ, 4 5 0-C(DmSM&k&^X&, 3 

5 o -c<t t» $ £ izm%Mftifi±& u mizmmvtim 

m©^4>#&i:A,ifjt.e>ftfcA>ofc. IrMn-£Fe 
Mn£/BV^f^T*fciU 4 5 0'C©3S&*QS&tC@S£&*3iJf 
©f&ftH&fba'S b < U @5£&##£fr*.Tffl2i£ 
i&#jg;ioT^Sfc©i:Jgfc>:h.5. 
[0 16 8] 1J->>OH©Tifei:bTs NiFeCr£/8V%fc 

^>7ji/2-ett, Sfefcif&tttfinLbbT^*. !§]*£© 

a&flittNiFe, Cufi?£ttbftf c c#t^£f#oTftJf £fc 
tthcp N he t«3££&^T:tfeJlT-8MgT-£fc. X«| 
H$r©3*r©*£*> ||ffitfl©«fc5fcTife£iS;tts;ii: 
&3£8ftfei8l© (111) ®SE(pI* j ^<?c^-CV^^ 
SfcSfcM© (ftS60«8) IB^fflCr^-^ 

[0 16 9] $t>KV>7)\,3<D£5KR$m&te\ZCo 
5. Cofci, CoFelctbgtU ffiStemSfic: bfc < i^«> 

[0170] w±cDcfc^e», E&mimmifi. m&x. 

Mn,,,-, Me , (HeiiPd> Pta»£jl(iftS'J>4e < 1 

a) t-*£*u 4 0 ^Xg5 5 m?&%) ©ilfS 

SB$fc#£b^fflgM4#»£>*T,£„ Irtta, FeMn 

h, Ee N Os, Ii\ Pd, Pt, Ag, Au, Al*£©^rfi# 1 0a 
t%£PS«4: VX-£$.1xX^X b&titzffimt&m b 

[oi7i] R^M&»mifi-rmm±^^n, tj& 
mhE&m&#.m#f c cifcttf cpw&*&3fc»i 

h& lo©*SIM?tiii, fcS^fcfcTJfeJl 

[0172] ii^smm.^.iim.-t^m.'&Vf. 

[0173] (mmmi o> bv>wv*v> 
^ffitc «fc >) sii»^ba«±{c tiT©*? «ms b£. 
[0174] (vyyjvi) 

Ta(3)/Cu(500)/Ta(3)/PtMn(30)/X(0.5)/CoFe(3)/Al,0 
, (l)/CoFe(3)/Ta(3) 

(t>->^;i/2) 

Ta(3)/Cu(500)/Ta(3)/PtMn(30)/CoFe( 1 . 5 ) A(0. 5)/CoFe 
(l.SVAl, 0, (l)/CoFe(3)/Ta(3) 

[0 17 5] ^tl-ZtHD&mm*? * h *) Vif*7 4 — 
£J8^Tf&W«#2 x 2/*m' £-5 IC^U-Sfc 



22 ) ftffi 2002-204010 
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bfc. 3 5o*c, mm*>x*mm®i<DMRm*:W%.istz 
(a 8) t^t-o 

[0176] ^ m**aj&£#Wb;fcfc©tco^-tBu 

[0 17 7] 
[168] 



10 





MR(fc) 


MR<%) 


*CoFe 


23 


23 


Fe^ 


30 


34 


MnZn7xrfh 


32 


33 


FeAlO 


36 


38 


FeTaN 


32 


34 


FeHfN 


32 


85 


FeTaC 


33 


36 


FeHfC 


33 


36 


GoFeB 


37 


88 


CoTaZr 


38 


40 


CoTaNb 


33 


85 



[0 17 8] («8) 'J>&<fcfcS3£fi££Wf:fc 

fe<fc<b-as^ mm, mm&&vmmiyt>&Ktiz>'j> 

X; W^#^b<ra±t-sc:fc 

[0179] citui. m.&#.m<?>'pte< 
va, mb®$Lfcimfc®t£Z&m&m%fete®>nx-mm 
ztizztx, m>i!mm<Dmm&mzm-3<MR(D£<k 

5c ffi.&#.mtfi*<Dmtot#^x, 
mm, mms.rz&mm^mm&&fo/i&m%m&tt.<D£ 
30 ?iz3mmm, <mm, mmt.tz&mm&ttm&i*/' 

#.mi*ssffis mm, &m&tz&mmiz-g&istzim& 

[0180] mm^m^M^tvxit, xmmmvxe 

,0, , MLnyj^U b©{fe N NiZn^i^^f h^iKD? x. 

54 httn&ft%Ltstizxv*)im<b<®>, x-*vvm 
mit®, fesvMi^D^*-f bmm^mx-i>mmifi 

;&S£i:£fll^bTVN5o *fc*SIJfi^J©FeA10O«t-5 
%:TMO(T=Fe, Co, Ni;M= Al.Si, Ti, Zr, Hf, V, Nb, 

40 Ta, cr, ng)m<Dm<bVfim&.itx- & m&<Dttomifi$> % 

©FeTaN, FeHfN©ffe, TN, TMN(^CIT*, T, Mtt± 
bTBu *HJE«?iJ©FeTaC, FeHfC©ffe^ TMC(C1C 

t, m±±m£®m&(Dmfc<\iamk»*m^xt>m 

[0 18 1] £tzm&#.mcD>i>l£< bt>-gHifi, 7W 

7-rz.%m&t*.x-&zz£x\ mmtii<z>mmmwL*iw 

50 Co(Fe)NbZr, Co(Fe)TaZr, CoFeB, Co(Fe)Ti, Co(Fe)Zr, 
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Co(Fe)Hb, Co(Fe)MoBZr, Co(Fe)VZr, Co(Fe)MoSiZr, C 
o(Fe)MoZr, Co(Fe)MoVZr, 4> U < fc£Co(Fe)MnB^T'tiii&jlS 

[oi8 2] ($mmi i) v^*hD>^ty^ij> 

Affile i. *) smWHbm®.±KL filT®*?*^ Lfc. 
[0 18 3] (U">7*;H) 
Ta(3)/Cu(500)/Ta(3)/PtMn(da)/CoFe(df )/Al, 0, (Y)/CoF 
e(l)/NiFe(5)/Ta(3) 

[0 18 4] df *<kVda*«^{3^^.T#®Sbfc« 



( 23 ) 4#BB2 002-204010 
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«#2 X 2//m' JC^Si^t^^SKl^iDXb, Jg 

^&&¥f^mmmmmM%.mLM¥ t Lfc. 350 

9) t^1" 0 Al.O.OMJPYH:, RA#10 0C2 

>um*g«i;&Sj8UPi:Ufco 
[0 18 5] 
[«9] 



df 

(nm) 


da 

(nm) 


di/da 


V^SJiv 1 
MR (96) 


•1 


•3 


0.33 


6 


2 


*3 


0.66 


8 


10 


•3 


3.3 


7 


50 


•8 


•17 


6 


! *60 


•3 


•20 


8 


*1 


5 


0.2 


9 


2 


5 


0.4 


18 


10 


6 


2 


18 


50 


5 


*10 


* 


*60 


6 


•12 


5 


*1 


10 


0.1 


9 


2 


10 


0.2 


24 


10 


10 


1 


82 


50 


10 


6 


21 


•60 


10 


•6 


9 


•1 


20 


•0.03 


8 


2 


20 


0.1 


23 


10 


20 


0.6 


29 


50 


20 


2.5 


19 


1 *60 


20 


3 


8 


*1 


100 


•0.01 


2 


2 


100 


•0.02 


4 


10 


100 


0.1 


17 


50 


100 


0.5 


21 


*60 


100 


0.6 


9 


1 


•200 


•0.005 


1 


2 


•200 


•0.01 


3 


10 


•200 


•0.06 


6 


60 


•200 


0.25 


9 


•60 


•200 


0.3 


7 



[0186] ■?n-en©esifflipxBucD^>7 , ;i/<£ 2 6 0 

•C, 3 5 0'C, 4 0 0*C, 4 5 0X!fi&«*3«BS«, V 

&«k i?Mioaiae#3 5 o-c~4 0 o-cfcjgs^D-fe^ 

TV**. 

[0187] £©-0!|i: Ut, 13 1 IK 2 6 0*Cfc 4 0 

0 •c-cuMBafefjo fcM Rtfu»sa%-r. 

[ 0 1 8 8 ] fflU IfVTVHBttBu 50 



Ta(3)/Cu(500)/Ta(3)/PtMn(300)/CoFe(3)/Al, 0, (Y)/CoF 
e(3)/Ta(3) 

Tfc*. Hfr&*IHIJ|tf^fti3ftTV*&V*&a^ fcS 
^ttFeCo(3)/PtMn(30)©Jfcs£#0. 1 hitRBCKhdVC 
i:C<fc£ mWHDBW LSbnSMR ©fl£T #1183 2 ft £ 
*©©, 4 0 0"C©fB$l3I&fc::fc^Tx fll 
lf©ii^*s^^nSo Al,0,©«WYfct. RA 

as i o o Qummmttmrnrnt ufc. 

[0 18 9] *SOK0!©iH-C, §*>ffiftfctr>-7;Hc:}3 
1>TGU 4 5 0'C©3ftJSUl&fc 1 5%W±«DMR#f# £> 

ft&. MRfBtt, 4>iae©Hi3fe*-&fct.ft#-rsfc«) 

fc, *Rl$fc#Slfl5^©ti5ffl^&fc>-*3> H£ttttJtf©NI 
ffdf, fi^tt#<z>j|U>*dai:*-afc 
2 nm^df g 5 0 nm, 5 nm^ daglO 0 nm, 
0. l^df/da|5 

5. 
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[oi9 0] $.ttmmmx&&%m&fct.i,x?m%: 

m^tzifi. -ecDflbCS&^tet^T&a 5 0*C~4 

[0191] (mmmi 2) 

^ffifc «fc DSi$fc$<b«ffi±KJWT©fil?£f£g! bfeo 

[0 19 2] C9->7VH) 
Ta(3)/Cu(500)/Ta(3)/PtMn(20)/CoFe(6)/Al, 0, (1.8)/Co 
Fe(l)/NiFe(5)/Ta(3) 

(tf>7';i/2) 

Ta(3)/(Cu(250)/Ta(3))*2/PtMn(20)/CoFe(6)/AL 0, (1. 
8)/CoFe(l)/NiFe(5)/Ta(3) 



(24) #§82 0 0 2-2 0 4 0 1 0 

46 

Ta(3)/(Cu(50)/Ta(3))*10/PtMn(20)/CoFe(6)/Al, 0, (1. 
8)/CoFe(l)/NiFe(5)/Ta(3) 

(Cu(50)/Ta(3))*10fc«U Cu(50)/Ta(3)£ 1 0®&m<b 
bfc£ 

[0193] *ti*ti<D&mm& yfhWP^y 4- 

bfco 3 0 0'C, 3 5 0*C, 4 0 0'C N 4 5 0°CT-©& 

io m*mmm$k<DMRmt: (gti o> izm-t. 

[0 19 4] 
[3U 0] 











co 


MR(%) 


MR(%) 


MR (96) i 


800 


45 


46 


47 


350 


25 


82 


37 


I 400 


12 


20 


26 


450 


8 


16 


20 



[0195] (sio) ±Dv 3 o o°c<Dfmmx-&y- 20 

>7VH ~ 3 ©^fftfc |^]*aK©MR &7j^©fcjtf U 

3<D£5KTmwmifi&mit2tiT^z&?ifis mr© 
[0196] mm<DT®mmw, ^mitzntzztiz*. 

33ft*0JI13r£©|qJ±«U Cui:TaCD|a*-&fc-e-©ffe, Ag, 

au, hia&vcufrt>m&tiz'j>ti< ti> im*£.m$,t 

ft£&/&ftmjHjJifc©#jIjgT-fc*U£, W&<DMitn 

miz «t zmm<Dmmm;%n&i u s#tit©sui£'i>& < 

*Pft>J«)^A»e>. 5 nm~ 1 0 0 nmgl, ^ftJP^J® 
tlsXHO. Tnm-vSnmSIWStU. 
[0197] ei±©*JS« 1 ~ 1 2 IZtS^X tt, h 

>*;v8S!littgin$l*tt, ^P^S^x ferns 40 

.mm. mem. wm<mntc&*m#-tvx&. si 

0, , SiC, Si, N, , Al, 0, , A1N, Cr, 0, , TiC, HfO, , HfN, 
HfC, Ta,0«, TaN, TaC.BN, B,C, DLC, C, 0& irtfW 
felxSo ^^©tpBaJlrtfcs Cu, Ag, Au, Pt.Pd, Eh, 
Rhlr, Ru&i?£$&#i:-r3^#2 0 %&>TS£ftX 

5. tpmrnvmrnb btfct, ^^ii:««^i:©^e^ 
mx-t>x<. s.tzmm5zmtfi$mi&£&t>titzm&xt> so 



[0 19 8] *NURtf#ffttt<*-C& !>« GMR& 

[0 19 9] (H«S0IJ1 3) YnbD>^^iJ > 
yffit <fc »3 Si$t^b&&±tc: WT©^^#S{ bit 

Ta(3)/Cu(500)/Ta(3)/PtMn(10)/Co(3)/Eu(0.7)/Co(3)/C 
u(2.2)/Co(l)/NiFe(2)/Pt(7)/Ta(10) 
(1^>7 , ;i/2) 

Ta(3)/Cu(500)/Ta(3)/PtMn(10)/Co(3)Au(0.7)/Co(3)/C 
u(2.2)/Co(l)/NiFe(2)/Ta(3)/NiFe(4)/Ta(3)) 

Ta(3)/Cu(500)/Ta(3)/PtMn(10)/Co(3)Au(0.7)/Co(3)/C 
u(2.2)/Al, 0, (0.3)/Co(l)/NiFe(2)/Ta(3)/NiFe(4)/Ta 
(3) 

(if>r;i/4) 

Ta(3)/Cu(500)/Ta(3)/PtMn(10)/Co(3)/Bu(0.7)/Co(3)/C 
u(l.l)/Al, 0, (0.3)/Cu(l.l)/Co(l)/NiFe(2)/Ta(3)/MiFe 
(4)/Ta(3) 

Ta(3)/Cu(500)/Ta(3)/PtMn(10)/Co(3)/Ru(0.7)/Co(3)/C 
uA10(2.2)/CoFe(l)/NiFe(2)/Ta(3)/NiFe(4)/Ta(3) 
(^■>r;i/6) 

Ta(3)/Cu(500)/Ta(3)A>tHn(10)/FeN(3)/Cr(0.7)/FeN(2) 

/CoFeB(l)/CuA10(2.2)/CoFeB(l)/NiFe(2)/Ta(3)/NiFe 

(4)/Ta(3) 

[0200] -en-enffl^i8ii& e b y v^7 7 -f 
fflv>t^@|g4 s 0.1x0.1>t/m' {c^Sidtc^-ltSK: 

naiaoxu mmmm*jm\s. ±mmm^m.m^. 
bfc. *c*\ ss*ffl^b$n^?©jp^a:<qjn*)Pibtb 



( 

47 

[0 20 1) w%*mm&<DMRm.hmm* (ai 
i) t^-r. 

[0 20 2] 

[igi i] 





tttttt (Q) 


MR(%) 


1 


0.6 


2 


2 


0.5 


10 


3 


1 


12 


4 


1.1 


16 


6 


0.8 


12 


6 


1.6 


8 



[0 2 0 3] 771/1 t,V>7fr2&*>*. gfi^ttS 

fcT* &fttP±#U .fioMR#|Sl±?-5. Is! 
&m<Dlt&faT*i)M,t>tiZo £fet*->:/;i/6©<fc-5Ks 

[0 2 0 4] eLhoi^Cs rpmmifim&&mfrz>m& 
aon*fctttt**»63ii«n*si>«:< fc* ia©fl3'&«» 

WWttTC* *> > froftMW 0 . 0 1 //m' JBIT-C 

[0 2 0 5] JfrPBSShPO. 0 l/*m'J&LTT-&£©ti 

[0 2 0 6] tflSJgfcbTfciu #glifi#|fflCu©ti&. M*£ 
&«©£;&»-£ V, Nb, Ta, Cr, Mo, W, Cu, Ag, 
Au, Eu, Eh, Ir, Be:}3«fcV0sA»£a«ft3'J>J5:< fcfc 1 

[0 2 0 7] BuA10fb^>-£\ Bu/Al,0,/Ru, Ru/A 

l,0,©^]gl8l©<fc-5f^ £n&©7G*;WIMM**ifei>& 

*»e>S«n-5R(R=SiO,, SiC, Si,N, , A1,0,, A1N, Cr, 
0, , Cr, N, TiO, TiN, TiC, HfO, , HfN, HfC, Ta, 0, ,Ta 
N, TaC, BN, B,C, fe«»ttfiLb<D&64l04>XR»ft 
fcaWiX/R©£dfc:2Jlfcl±©#jaBI£fflv<>& 
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[0 2 0 8] *fc> *HJl£«tri&£{*fcbT> #SSi(5 
#0©CoFeB©fte.> 'J>& < i: 4»— o©&£JB©'J>fc < £: 

fc&T^:7r;*&&&irefc5c:i:TN CPP-GM 
bTttFe,0, , MnZn7x^>f K NiZn7x^-f rfcif© 
10 iiTMO (T=Fe, Co, Ni; M=A1, Si, Ti, Zr, Hf, V, N 

b, Ta, cr, *ew<DWfom»mmKim<DnmifiM.e> 

T% T. Mtt±»^pm)«®iin34fe9tHtttt^PHK®% 
*#j§£,ftfco K**»afi«(ttfl:4:b-CH:»' TMC(£ 
c:t% T, Htt±BfclW)^l^©»*#*&ftfe. 
7t;i'7 7^^i:bt, Co(Fe)NbZr, Co(Fe)TaZr, Co 
FeB N Co(Fe)Ti, Co(Fe)Zr, Co(Fe)Nb, Co(Fe)HoBZr, Co 
(Fe)VZr, Co(Fe)MoSiZr, Co(Fe)MoZr, Co(Fe)MoVZr, Co 
(Fe)HnB^"CPl«©»**5fl6S$nfc. 
20 [0 2 0 9] mS&mi 4) MOSli±.^ 7dT*f 
P >>tH * *U > irfSfc Ji D TgB«2iBB*!a£Si5 U CM 
P**»ItfcMO-saSSUb(c, *©«tafi:#II6MU 
fc. 

[0 2 10] (U">7*;i/1) 
Ta(3)/Cu(500)/Ta(3)/NiFe(l)/FeCo(l)/Al, 0, (Y)/CoFe 
(10)/PtMn(20)/Ta(3) 

(+J->7-;i/2) 

Ta(3)/Cu(500)/Ta(3)/NiFe(2)/Ta(3)/NiFe(l)/FeCo(l)/ 
Alt 0, (Y)/CoFe(10)/PtHn(20)/Ta(3) 
30 (tr>77l>3) 

Ta(3)/Cu(500)/Ta(3)/NiFe(3)/Su(0.7)/FeCo(l)/AL0 
, (Y)/CoFe(10)/PtMn(20)/Ta(3) 

■^n^enoM©^?^^ a&««k bfc&wih-rs 

B&tgRtt (012 (b) ) £fe«£5C;*7y.rt&;av^ 

T^+ranxu ^n-en©#Jimt43v>-r. a/b#i, 

1. 5, 5, 10, 1 2©Jt*fc&**?fcfls*l/fe. 

±Ta©ft^Fl±l 0 0 OnmfcU Mft 
:}3<J:lHz >**&©»§« 2 0 0 0 nmtlfc. ««»0X 
«x ±fiMEI(l*«aaU 4 0 0«C©*5R*>>*-&fT^ 
40 fc«, 012 (a) C^n^^t'JUTtUfe. d 
©**>; — £2 4 0*C©X£ipT-, 1 Ok0e©?$®£SJ 
*0U B^&f£®©?8<b2riSl&Sfe£bfc. fc*>, A1.0, 
©BUSYBu RA;&U k«/*mggi:&2.l8U¥i:bfco 
[0 2 11] MOStfOFFOtti^ >7- FiMlSV-fe 

jpfc*fbT> ^b*sipfTcoi:§fc N S¥ff©u§©m;&& 

so ai*fficcv^T«^&^bbfc<is*^ mmmt> mi 2) * 
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«fctffB±>fi! (*13) fcovvt^ft^iXTjvr. 
[0 2 12] 
[*1 2] 



a/b 








1 


1 


0.01 


0.04 


1.6 


1.4 


0.08 


0.3 


5 


1.7 


2 


2.3 


10 


14.6 


8.6 


9.2 


12 


19.6 


12 


13 



[0 2 13] 
[|gl 3] 



a/b 


»>^1H 


V>7)12 




1 


1 


1.2 


1.1 


1.5 


1.1 


1.3 


1.2 


6 


1.2 


1.5 


1.4 


10 


1.3 


1.4 


1,2 


12 


0.0 


1.1 


1 



[0 2 14] 2) fciZF (3tl 3) <fc>), #|t|ii£ 

09©-9->7';i/2&y t -y->r;i/3fc43v>TH:, mmmmti 

tt> a/b#l. 5<a/b< 1 OT-ifeSittSfciS^aiTJa* 

[0215] (%K«S 1 5 ) AlTiCfitfLbtc^-fe >V 
- (01 3) 

[0 2 16] (1f>7*;i/l) TSB^-^ r* 3 0 
#fitS3 0 2/PtHn(20)/CoFe(3)/Bu(0.7)/CoFe(3)/Al,0 
,(1.5)/CoFe(l)/NiFe(3) 

(•9->7*;i/2) »S/-;i/J»3 0 l/i»»MM3 0 2/Pt 
Mn(20)/CoFe(3)/Eu(0.7)/CoFe(3)/Al, 0, (1.5)/CoFe(l)/ 
NiFe(3)/NiFe(4)/Ta(3)/NiFe(4)M^fl-g£B3 1 2/± 
gP^-;i/K3 1 1 

(lt>^3) 3Si— ;i/K3 0 l/8£S«.7>8iJf 3 0 2/Pt 
Mn(20)/CoFe(3)/Eu(0.7)/CoFe(3)/Al, 0, (1.5)/CoFe(l)/ 
NiFe(3)/NiFe(5)/Eu(0.7)/NiFe(3)/iK^,^Ji3 1 2/ 
±S5->— ;u K 3 1 1 

Cit, NiFe/Ta/NiFe43«fcU f NiFe/Bu/NiFett (013) 

K3 1 OJCffiS-T-5. PtHnJ±H^14 
mr-$>*). CoFe/Su/CoFefig^fiJf 3 0 Al 
, 0, mm&m 30 6-CfeD, CoFe/NiFelig AttttJI 3 
0 5ffc5. £ft£©Jf £S&f§Jf 3 0 3fci:fcfcJKl&b 

fco 8&#yitt> r-#[sifc2 8 o-c, 1. 

(01 3jfitE{C»fi) 1 8 00U 1. 5 kOe 

[0217] 3mm<D^yv-^m^x, Y^vtmm. 



#9 0 kTP I (tracks per inch) , SSf3^SBgfci:5 
5 OkBP I (bits per inch) T-f3^$tl,feHDDi3 

nm* ummm 2 1 lMbr* v/%>x-mgzmm. 

^fTofco A^K©S±itt2 0nmi:l / fe. K© 
t» hKt>*H:-P;>:r/n #1 x 1 o \ tf->7>2*« 
lxlO \ V>7ns3ifilxl0 l \ ffeofco 

[0 2 18] W±CD||J£0!lCD<tot*^CDeftJKttB 
£ ffl ^ fc&M-fe >tr — (iitaVBER^ MMX- & S . 

[0 2 19] (mmmi 6) -TryZhvyx/iv&Vls 
10 «fc t) -f&MfttpT- S i 8t$ft»g±fcWT<DJfi? 

[0 2 2 0] (D->r;H) 
Ta(3)/Cu(500)/Ta(3)/PtMn(15)/CoFe(2)/Eu(0.7)/CoFe 
(2)/Al, 0, (2)/CoFe(l)/NiFe(l)/Ta(3) 

(•lf>7 , ;i/2) 

Ta(3)/Cu(500)/Ta(3)/NiFe(4)/PtMn(15)/CoFe(2)/Ru(0. 
7)/CoFe(2)/Al, 0, (2)/CoFe(l)/NiFe(l)/Ta(3) 

Ta(3)/Cu(500)/Ta(3)/NiFeCr(4)/PtMn(15)/CoFe(2)/fiu 
20 (0.7)/CoFe(2)/Al, 0, (2)/CoFe(l)/NiFe(l)/Ta(3) 
(1t>7';i/4) 

Ta(3)/(Cu(5)/Ta( 1 ))*100/NiFeCr(4)/PtMn( 15)/CoFe(2) 
/Ru(0.7)/CoFe(2)/Al, 0i (2)/CoFe(l)/NiFe(l)Aa(3) 

(^>r;i/5) 

Ta(3)/Cu(500)/NiFe(l)/CoFe(l)/Al,0,(2)/CoFe(3)/Bu 
(0.7)/Co. , Fe, , /PtMn(15)/Ta(3) 
(•y->7*;i/6) 

Ta(3)/Cu(500)/NiFe(l)/CoFe(l)/Al, 0, (2)/CoFe(3)/Bu 
(0.7)/Co s . Fe, , (3)/PtMn(15)/Ta(3) 

30 (^yy^i) 

Ta(3)/Cu(500)/NiFe(l)/CoFe(l)/Al, 0, (2)/CoFe(3)/Ru 
(0.7)/Co, , Fe, . (3)/PtMn(15)/Ta(3) 

Ta(3)/Cu(500)/NiFe(l)/CoFe(l)/Al, 0, (2)/CoFe(3)/Eu 
(0.7)/Co, ,Fe, , (D/NiFe(2)/PtMn(15)/Ta(3) 
[0 2 2 1] *tl?tl<D&mm&7 * h V vy?7-f- 

0 1 * fcfcfcS 7 «fc 3 &»rB£if 
40 tftfE*? h bfc, 5 kOelKSipT- 3 0 0 ~ 4 0 0 -CT-fSfc 
WISDOM Rfit^SU^Lfei^S* (SI 4) fcTjvT. 

[0 2 2 2] ft, 1t>:?VH~8-CN CoFei:f3fBLT^ 
S*©(is Co,,Fe,,iaJ5Ef*S. 

[0 2 2 3] 

[*14] 



( 27 ) 



51 



*$H2 002-204010 
52 



IT SSJV 


MK(^d)SOOV/ 


JV1 Jv v ^> JODU V-» 


1VL Xv y *ti ^WU vy 


1 


48 






A 


AO 


48 


89 


8 


50 


48 


43 j 


4 


60 


49 


46 


5 


1 45 


18 


6 


6 


44 


28 


8 


7 


47 


55 


30 


8 


43 


38 


35 



[0224] (*1 4) «fc»K IBITSlS£@5&&ttJgi:b 
fc+f>:7Vl/l~4fc::}3V>T8u tf>?7H fcjfct* HiFe 10 
$ it !4NiFeCrTJfe& ffl V 1 * fc-tJ" > 2 33 «fc W > 3 

©iifsi^tfffitv'tv^. ^tz^yy^zo-rmnm^ 
Sfbbfci^TVi^-e^ s^tm^oisuiasfiiigT- 

K±gP*@^SSi:Ufc-b->7';i/5~8 
K^TtiU PtMnT^©CoFe*Bj£#CoU 

[0225] xs^iHi#f^e>tt> coam&n-rsc^ 

v\ b ccfr&f cpSfclif c cflHi'Nfc^bb-^ 

5lflli0d«k*>ffi*vCV>S©fcJu #tig©Sj8<b«*»»)T-& 
<, Al,0,JfcD«3tf^®!^t)«c#bTV\5o 

[0 226] PtMnSPtPdMntet^^-fc^t). H1££ 
Sft&iiSfiil^&ltiXbTV^o 

[0 2 2 7] £fc£©h£©#*bumj&fctK&8tt# 
JI#, Mn,.,-, Me , (Met* Pd, Pta>&S«ft3'J>fc < 
fc*> 1«) T-gl£*l4 0^X^5 5 (J1?S%) ©«5B 

[0 2 2 8] (^JSflll 7) 7^hD>^vi"J > 

«fc D Sig^b»«±tc fiJlT©*?*^** bfco 30 

[0 2 2 9] (tf^TTH) 
Ta(3)/Cu(500)/Ta(3)/NiFe(5)/Ta(3)/NiFe(5)/AL 0, (0. 
9)/CoFe(3)/Eu(0.9)/CoFe(3)/PtMn(15)/Ta(3) 

(1f>7';i'2) 

Ta(3)/Cu(500)/Ta(3)/NiFe(5)/Ru(0.9)/NiFe(5)/Al, 0 
,(0.9)/CoFe(3)/Ru(0.9)/CoFe(3)/PtMn(15)/Ta(3) 

Ta(3)/Cu(500)/Ta(3)/MiFe(5)/Ta(3)/NiFe(9)/Al, 0, (0. 
9)/CoFe(3)/Ru(0.9)/CoFe(3)/PtMn(15)/Ta(3) 

dt>7";i/4) 40 
Ta(3)/Cu(500)/Ta(3)/NiFe(5)/Ru(0. 9)/NiFe(9)/Al t 0 
,(0.9)/CoFe(3)/Ru(0.9)/CoFe(3)/PtMn(15)/Ta(3) 

Ta(3)/Cu(500)/Ta(3)/CoFe(4)/Ta(3)/NiFe(9)/Al, 0, (0. 
9)/CoFe(3)/Ru(0.9)/CoFe(3)/PtHn(15)/Ta(3) 

Ta(3)/Cu(500)/Ta(3)/CoFe(4)/Eu(0.9)/NiFe(9)/Al,0 
,(0.9)/CoFe(3)/Eu(0.9)/CoFe(3)/PtMn(15)/Ta(3) 

[0 2 3 0] +f>:/;i/5i:tf->:7Vl'6©gStf&t4Jl&*?l 
J&T SCQFe(4)*5J:imFe(9)(i, BUPxfS*[Hg£<b#«K 50 



^bv^tbfeo *fctJ->:7Vi/i % 3 % 5 ©^en-eft© 

g*iittJitt^tt^T-fe?»Ta(3)t «t »?^{c#^ 
•&bs 1t>7-;i'2, 4, 6fctRu(0.9)fCfcD:*3fcfc£3& 

M&fe&*?t -o x v > s i: # e> n 5 * > & s . 

[0 2 3 1] **l-?*UZ)$J|fit& 5 kOeg&gt^ 280 

-cx-msmv, EBt7tbuvy?7'f-Sfflv^ 

?S«#0. 1x0. 3M0. 3x0. 3M1X3 
^m' Cfc ^M£8&M!rax I, fc 0 iit, fit 

?£DS^|Si ii^iS^lRKi^fT «t -5 Cflox bt 
v^. BHffifltflR&J&J$&.> ±gPS8iSr^U HIS 

tlf:. 

[0 2 3 2] *T> ffH=-JfM*#l x.ajum'OjRyfco 
V>T^fco *n.**Utt"9->r;KO±2 0 OOeTOlBS© 
MRffifct, •9->7';i'2AS5%igfiT-fe^fcCDK:Mbv .* 

cDffettMn*) 3 o%mat-$)ofc. ifct, cine*®*? 

©S^*|pJtc> ^©ia*s«^;i:^S<fc^t, 2 0 OOe 

<Dft®m.m& mm u e e^tta izmihxmo* * u £ 

ff-pfec tf>7;i/l#tW>:7;i/3~6©^?©^'J 
££<4£fl^5fc«>^ 2 5 0U 1 Nf lffl©8ft££teK 
©IRtfiiS) 5 Oe©[e|iSs&#WT-©^&^g£tt§£®&£fi : 

ofeo £©*§^ •9->7 , ;i/3~6T*{i, ^ii^noKi 
mfcffi^ftfc£fb#B6*ifc*»^;fco — is, V-y?)\>l 

a»e>, -9->r;i/3~6©^T-tt, sa^tta^^b^ 

[ 0 2 3 3 ] Pltt®&ft*!>$lk£x 0. 1x0. 3/zm 
'©^fcfrofefcci^ 3 2fctM £45 

S£#©ig:*:©fc«>2 0 OOeT-C^bStetf+^MT^fc* 
ofc. -2k y>zr)V5&*.W>7Jl>61&. l x 3a 

[0 2 3 4] 0. 3x0. 3 

jum 1 (OmttfTitztZZ, •9->7";i/3~6©MtvK 

ijVA-c^^bRife^fT^fc^cCx ^^e'Jo^lt^CI 

MX- § > > 5 XV 6 <DHX fritz. 

[0 2 3 5]fil±(iD;m, gSMtt®^ KJ5xta 

fes^tt, MiPxfain^b^bv^^ 
KJPxfiasng^^b^^s^bv^lS^K:*5v^■r(i^ ^t'J»*o 
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[0236] (mmmi 8) •7^hD>^y^y> 

[0 2 3 7] (tf>?VH) 
Ta(3)/Cu(500)/Ta(3)/PtMn(30)/CoFe(3)Au(0.7)/CoFe 
(3)/Al, 0, (Y)/NiFe(5)/Ru(0.7)/NiFe(3)/Ta(3) 

(•y->^J/2) 

Ta(3)/Cu(500)/Ta(3)/PtMn(30)/CoFe(3)/llu(0.7)/CoFe 
(3)/Al, 0, (Y)/NiFe(3)/Ru(0.7)/NiFe(5)/Ta(3) 
[0 2 3 8] Al, 0, ©BtJPYBu RA#10 0Q 

/zmggfc&Sffilfffcbfc. -£*ve:H©^JiB|& 5 kOe 10 
&*gtK 2 4 0 •CT-lgySLS U 7tb'JV^77^-£ 
fflV%T^S«A J 3 x 3 urn' «fc d fc* -^{cfS 
SffilOXbfeo »lig*6«iBI£B/^ ±gB»«i£^jf?£U 
0 1 SITE 7 {c^-r«t -5 &BfH£&^Sii:»S£§M&Stf8 

43«fc g AttttJlTft SNiFe/Ru/NiFeJg©J&<b#SS£0 
HC^t. tl-V^H, ■V->7)\>2 i:t){C N K^lt© 

jb>S. *fcU->7VH, •y>7';i/2i:fe{c3imcD^bf> 

g&&{4«©*&<b#yi&&fc>&v^ coDjimT^ 
t-9->r;i/2{c:*}VA-cii> MRtf^l <£fb-f3 0 zti 

»©*fcfc»*-*K«JStttt**j£-r S C i:T% ^b« 
Sl^fiJE^-B-Tts fiSibtt^*^i:Sii:ASpJt|-efcS 

[0 2 3 9] iSS, V>-7fr2lzm-rzmi$.£&, '>&< 

t 1 m<D a sssftjf<iS(tiHs«!i«k t> , m 1 

sg 1 jm&itm, m 2 &&#«©'>& <tt)3s<fc?)^ 

IftSMl, H583m2^S»@©^|^p^d2, ¥J9 
^SHKfb^M2i:^-5i: x M 2 x d 2 >M 1 x d 1 T*fc 

t) , H&mm<Dm<tKM u «s£wgtn;<ii#'j>fc < t *> 1 40 
[0240] (mmmi 9) vy*hD>^»*u> 

£ 9 Si3fc&rt;««±fcWT©£?&fe« bfc. 
[024 1] Ta(3)/Cu(500)/Ta(3)/PtMn(15)/CoFe(3)/B 
u(0.7)/CoFe(3)/Al,0, (Y)/NiFe(4)/Ru(0.9)/NiFe(4)/Ru 
(0.9)/NiFe(7)/Ta(3) 

AliOi©KJ¥YtiU RAiSlOOQAmSIfcife 
Sigfcbfe. CCD£JMK&5k0e©8t»(t> % 2 8 0*C 
TlMVIU E B i: 7 * h >J y ^ 5 7 - ftHV^T*? 50 



) ttm 2002-20401 0 

Ci 

ir*» 

StttfO. 5x1. 5/zm' KfcS J^Jc^StcMiii 
iraibfc. JMHBItK&BJgU ±»«ffi*JEa*U EI 

i *fc{i®7«c^-r«t-5*»fcs*^osiemmM^Mffi 

$&R?£L&. £©JK?£ % ftf^fttc 5 0 00e©&!?- 
£A»»*T, «±Ji©HiFe(7)ft«YliR4g**fea % MR 
SR&I&S* ±10 O0e©^gi5^J@?&giinbfei:§©m 
tt/l©8&b#<ifcov^0 1 5<om&Bltzm-t. 015 
T-fcJU S£tt&J|4 0 1<Z>5%* tpffl!34 0 2tcfc-p£: 
fc^CoFeJSfr£±©#|j&©«*i3bTV'>S. 01 5T% 
B *q»ftiS^tt»-C 65,12 JHttttffc 4 0 6 ±©£ 3 
ttSttff -Ot « U « 4 0 7 ) ®ttfl^£gfcJU»T<Z>*M& 
SWM^iinbfefcS,. ASfci±C©J;5&«tfb#Jg©& 
*b££bS. c©0^ttiWmw©@iJifb©fc«K 
X t; > 7 D >y bT l^fe V*. fg 1 ttttiM 4 0 

3 iim 2M&ftm 4 0 &HU IftttttM 4 0 4 S^btS 

»nK7c©B©tt®tfei:*i, 0 d©£;£ % a^ffijft©^ 

Ybtt B-> a ©grtrefco <tthr*-*. 

Jg4 0 7©SB<b#«S&SlE$*fcfc£©«3 i &01 6tz 
^•To HI 6TOttfb£;@R£ttB7; % B-^c©^bT-ffi 

[0 2 4 2] C<DAJ9&;iV*T* *&JKM®tt4(ttttX 
^©^^EUttSSOtftaifeff^fc. 01 7 (CjR?llJEfi^ 

■r. 

[0 2 4 3] ftfcfliaOHftiKKjaEffltbfc^JgBWfCMO 

<£5k0e©?K«ff> 2 8 OttOMMU EBk7*i 
UV^7 7-f-*fflVATJS : ?35«{*s0. 5x1. 5//m 

RAM^SMbfe. 

[0 2 4 4] !7-rii;K» M&«Hl>fe«ft-9C*S 

SR^KitJUH^iBl^ilfeCMOS©^^ v=f- 
tONU "fe>^«*ft«bfc. C©figlc, 

^fflK^SSJEC^ftl&^fcofc. 01 7Bl?ttSI 
*i:»)SS*J:tfK®©?Kfb^riqr#-abT^Sfe»t:, 
m^i:^3ml?t:*^•rs*E^b* s ^^t^i:^6>t^^*^ tt- 
Yb^BSttSJKDttfb^r i5i t * 5 - 1 &wmx- & 

SttSSS^bfc. 

[0 2 4 5] tl±®J;3IC, eftSHSBSr^Bftt-S- 

[0 2 4 6] (nmm2 o> vnhD>7/v^'j> 

<7*^t <k D Si«MMbltlK±«:filT(D3R7«ft4K bfc. 
[0 2 4 7] (1f>3VH) 
Ta(3)/Cu(50)/Ta(3)/PtMn(15)/CoFe(3)/Ru(0.9)/CoFe 
(3)/Al, 0, (Y)/NiFe(4)/Al, 0, (Y)/CoFe(3)/Ru(0.9)/CoFe 
(3)/PtMn(15)/Ta(3) 
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C*>7Vl/2) 

Ta(3)/Cu(50)/Ta(3)/PtMn(15)/CoFe(3)/Ru(0.9)/CoFe 
(3)/Al, 0, (Y)/NiFe(2)/Al, 0, (Y)/CoFe(3)/Ru(0.9)/CoFe 
(3)/PtMn(15)/Ta(3) 

Ta(3)/Cu(50)/Ta(3)/PtMn(15)/CoFe(3)/Ru(0.9)/CoFe 
(3)/Al, 0, (Y)/NiFe(3)/Ta(3)/NiFe(5)/Al, 0, (Y)/CoFe 
(3)/PtMn(15)/Ta(3) 

Ta(3)/Cu(50)/Ta(3)/PtMn(15)/CoFe(3)/Eu(0. 9)/CoFe 10 
(3)/Al, 0, (Y)/NiFe(3)/Ta(3)/NiFe(5)/Al, 0, (Y)/CoFe 
(3)/Ru(0.9)/CoFe(3)/PtHn(15)/Ta(3) 
(•y->7";i/5) 

Ta(3)/Cu(50)/Ta(3)/PtMn(15)/CoFe(3)/Eu(0.9)/CoFe 
(3)/Al, 0, (Y)/NiFe(3)/Bu(0.9)/NiFe(5)/Al, 0, (Y)/CoFe 

(3) /PtMn(15)/Ta(3) 
(»y7>6) 

Ta(3)/Cu(50)/Ta(3)/PtMn( 15)/CoFe(2)/Ru(0. 9)/CoFe 

(4) /Ru(0.9)/CoFe(2)/Al, 0, (Y)/NiFe(3)/Ru(0.9)/NiFe 

(5) /Al, 0, (Y)/CoFe(3)/Ru(0. 9)/CoFe(3)/I»tMn(15)/Ta 20 
(3) 

[0 2-4 8] Al,0,©MJ*Yfciu RA#3 0 0G 

fp, 2 8 0*Cfl8$USU EBfc7*hUV^77^- 
£/av>TgSW»#0. 1x0. 3/zm' CftSi^C 

WJSbfei:;:^ 1*>;^2£|Sfc<:£T©#^-t-g3i& 

fft*v>T3 o%*ifi©&j!ygtft§£fb£f#fc. 30 

2T-t±NiFeJf#tt«ttt^fc»fc+#&V7 M4£f#€> 

fc^^^i/ 2 s^ittf^:/^! <x -€©fi!i© 

Jt«t bTfi&#©i£g#i^ CD . 

V^fettrefeS. +#tC*§&^«#&Epinbfc» 40 

JW*»*fca<&SfcMRmi:««*«U •y->7 , ;i/4 
©fiifiET-tt. *^#|Wjg^lC&<&Si;MRte#«K 

mmi,tz. 

[0 2 4 9] W±©SaK«Ttt» SfftBf£JRtf2JS<Z>ifi 
IB»fc«**ifc«Mt«!f*» §E&?8eJf#2e©&ttfl: 
Jit UiOI^Sfta^StlSSSixfcfllfiglwOV^T 
^bfc#, SAttttJI^ 2njf (n=l, 2 • • •) 
(DU&im t. ( 2 n - 1 ) j|® 50 



) ttn 2002-204010 

56 

A3 ntfilfigS J#oi§-&f PJ®©3&fll£fS 5 £ £ ifi-C 
[0 2 5 0] (£0*012 1) vjr*hD>:*siy*U> 

[0 2 5 1] (*>r;n) 
Ta(3)/Cu(50)/Ta(3)/PtMn( 15)/CoFe(3)/Ru(0. 9)/CoFe 
(3)/Al, 0, (Y)/NiFe(3)/Ta(3)/NiFe(3)/Ta(3)/NiFe(3)/A 
1, 0, (Y)/CoFe(3)Au(0.9)/CoFe(3)/PtMn(15)/Ta(3) 

(■y->y;i/2) 

Ta(3)/Cu(50)/Ta(3)/PtMn( 15)/CoFe(3)/Hu(0. 9)/CoFe 
(3)/Al, 0, (Y)/NiFe(3)/Ru(0.9)/NiFe(3)/Eu(0.9)/NiFe 
(3)/Al, 0, (Y)/CoFe(3)Au(0.9)/CoFe(3)/PtMn(15)/Ta 
(3) 

<*>7>3) 

Ta(3)/Cu(50)/Ta(3)/RMn(15)/CoFe(3)/Ru(0. 9)/CoFe 
(3)/Al, 0, (Y)/NiFe(3)/Ru(0.9)/NiFe(5)/Eu(0.9)/NiFe 
(3)/Al, 0, (Y)/CoFe(3)/Bu(0.9)/CoFe(3)/PtMn(15)/Ta 
(3) 

(+J->7Vl/4) 

Ta(3)/Cu(50) Aa(3)/PtMn( 15)/CoFe(3)/Ru(0. 9)/CoFe 
(3)/Al, 0, (Y)/NiFe(3)/Bu(0.9)/NiFe(6)/Ru(0.9)/NiFe 
(3)/Al, 0, (Y)/CoFe(3)/Eu(0.9)/CoFe(3)/I>tMn(15)/Ta 
(3) 

Ta(3)/Cu(50)/Ta(3)/PtMn( 15)/CoFe(3)/Eu(0. 9)/CoFe 
(3)/Al, 0. (Y)/NiFe(3)/Eu(0.9)/NiFe(7)/Eu(0.9)/NiFe 
(3)/Al, 0, (Y)/CoFe(3)/Ru(0.9)/CoFe(3)/PtMn(15)/Ta 
(3) 

Ta(3)/Cu(50)/Ta(3)/PtMn(15)/CoFe(3)/Bu(0. 9)/CoFe 
(3)/Al, 0, (Y)/NiFe(4)/AL 0, (Y)/CoFe(3)/Ru(0.9)/CoFe 
(3)/PtMn(15)/Ta(3) 

[0 2 5 2] fc;jb\ Al,0,©^J9Ytt, RA*t3 0 Ofl 
ummg-btezmmtlstzo £©^JfBt£5k0e©&*§ 
>K 2 8 OVX-mUM^ EBtyxhVW^y-l — 
£ffl^T3!S^®Se#0. 1x0. 3>um'lc£a«fc-5fc 

tvtzo cme>©^©ft^fqit^**»itMR*ai 

5£bfc*:C3, £T©f^T-g®&#£:felvt 3 0 %S 
#T*©MR©±##/h£< N +f>7;i/6T?tt#Efifc*7#li 

feTcg^ofc. •y->7';i/2fttiai 4©&ia. * 

feU->7';i/4**J;V-y->7';i/5fEl 5©£BfcfSCbfc 
MRffi&fcfffc,, it>7";i/3 tD->7)\,4&it$iLtzm 
£\ •y->7*;i/3©g*att®«fig^ NiFe(3)/Bu(0.9)/ 
NiFe(5)/Ru(0. 9)/NiFe(3) x * fc-tf- > 4 © g fi&tt 
©*?&£#> NiFe(3)/Ru(0. 9)/NiFe(6)/Ru(0. 9)/NiFe 
(3)T-fc5. *ft*ft©»tt#Jf#5S£fcHa&««:IS£- 

^fTo-c^sfc-r^hx «^e,-y->7-;i/4-etteft«t 
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5bsfeT«fe*Al,0 1 *«tVRui:U-C, IgUP&gx.fcNiFe© 
Zfmmih) &VSMtJ;>)S!l^bfei:-5s NiFe©m 

fco z<Dm$}jmtem\Wh*i>£^ ^yr^2h^> 

V^TBu ljf Bfc3Jf B©BUPxf&fm8tfb©{ii©#]#2 

js B ©filff x maMihhmm b < , • > 4 t- 

fcfc> l«Bi:3jlB©W«fc>) 2JiB©«#;*;§V^J:# 
[0 2 5 3] KJLt©2SK6tW-Cttf& 1 S^&fSJls » 1 * 

ms* miaows, mmtHMK m§2sh£#s, 

SB2#8H§-«W, & 3 812*^ SB2@S£ 

£diu ¥i§SS*H&{b&Mn (n= l, 2, 3) 

M3 xd3+Ml xd 1 *M2xd2-C$>2>Mm&tfi 
mtt^Tft^tzW, (2n+l)Jg 
(n= K 2 • • •) <DM&tt.®£, 2nf©«ttft; 

[0 2 5 4] ($mm2 2) Y^b0>7Ayi"J> 
^Sjfc: «fc ») 6 >^1M X©Si£fc${b»«±£ferF©3t 
^£f£Slbfc. 

[0 2 5 5] (?>7)Vl) 
Ta(3)/Cu(50)/Ta(3)/PtMn( 15)/CoFe(3)/Bu(0. 9)/CoFe 
(3)/Al, 0, (Y)/CoFe(3)/Eu(0.7)/CoFe(5)/Ta(3) 

(■y->r;i/2) 

Ta(3)/Cu(50)/Ta(3)/PtMn(15)/CoFe(3)/Eu(0.9)/CoFe 
(3)/Al, 0, (Y)/CoFe(3)/Bu(0.7)/NiFe(7)/Ta(3) 
[02 56] Al, 0, ©JgJPYli, RAW lkQ^ 

mgSi:)5:5iSi:l/fc. &tzZZX\ RuTttl±©CoFe 
(5)i:NiFe(7)-en^n©fSfn^{bx^jp{i«($|^ bi: b 
fc„ £©^JgM£ 1 0 kOe©&*§tjj> 2 8 O'CXmSM 
U IH^ry^SfflW^Hf^O. 2x0. 6/z 
m'C5&5J:dt^-9-StSS«BiPXbfco mT$tmf&* 
ffijj&bx ±gP«@*^b^it*^M^Mlgtn;iS?i:b 

frfe5Ci:W^fe. 6-f >^«>^\rt©CoFe, Ni 
Fe©BU¥#*>fct{5Jft & 3 %ggT?fc ») , ±13©^ y * 

f£ x RuTife±fcCoFemFeh£^ft-£:hJKJ*£gS.T^ 
$ttfcfi£ftfifcfb£:£«>fci:C:?K 5 nm©CoFe&j&«JR 
W-ifi 1 nm^ bfe h #©*#j$Jfcta#H&<b©gi&B: 2 
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0%, NiFe©^n{±5%T*feofc. HaCJBUFt: 
tt+ZCoYe&m&mi?emm<DUM*JC>2Zm&. CoFef 
1 5%gK, NiFeT*2%gfeffeofe. fiLkOCfc* 
e>> *®8fcb;fcfc&©!^:fr©^7y:¥-&ff 

[0 2 5 7] (SIS60!|2 3) ^hD^-^'JV 

10 ?^gUL 

[0 2 5 8] (#>:7/H) 
Ta(3)/Cu(50)/Ta(3)/PtMn(15)/CoFe(3)/AL 0, (Y)/CoFe 
(3)/Ru(0.9)/NiFe(5)/Ta(3) 

<tf>77l/2) 

Ta(3)/Cu(50)/Ta(3)/PtMn(15)/CoFe(3)Au(0.9)/CoFe 
(3)/Al, 0, (Y)/CoFe(3)/Ru(0.9)/NiFe(5)/Ta(3) 

Ta(3)/Cu(50)/Ta(3)/PtMn(15)/CoFe(2)/Eu(0.9)/CoFe 
(3.5)/Su(0.9)/CoFe(2)/Al, 0, (Y)/CoFe(3)/Ru(0.9)/NiF 
20 e(5)/Ta(3) 

[0 2 5 9] &i\ Al,0,©JK»Ytt, RAtflkQxi 
mgfifc^sagff t bfc, Z.ixh(D^mW& 1 0 kOe© 

mm*. 2 8 o-c-cuMoau 'jvy57-f-tJBv^ 

SR^BStfO. 2x0. 6/*m' fcfcSJ; -5 tc 
SSWoxb^o JHB*&Siffil£J&JEi£U ±gB«@£J12J&b 
SiS«^^ffiln;^i:bfc. 8ft*5i3I#|qJfc*ru fl- 

©MR£«gjgbfc. -y-^^HSVtJ-VT'^SttlilbM 
ftfc SUra&i§©lE* i: M R©ft*;«fc£/btt £ i: s*|fil 

S^bfco V->y)VlRW>y)U2, *fcfct9->7>2 
i:1f>7';i/3Sia^-&t)-&TEl 0tc^«t^{c:, 2SS 
^©f£l&Ui;*j£8!l5£bfci:c:3; t.y>-7)V 
3 ©«I*M§r*>-e-T-fciU ffi7jmEE##*Mft 

;c>;#g&T-fci:£V'>fc«>, ^^^*s^bfcfe«)T*feS 
ilJgbtv-So ^t, Ay H-?>MRAMf fMinSM 

mw&*). 2nm(Dm&#-mt: (2n-i> m<omm 
*mmmz ( 2 n+ 1 > mvm&tt-mt 2 n©#& 

[0 2 6 0] (gSSS0iJ2 4) ^^bP>^/V^^U> 
^i£C«fc 5 CMO S»K±{c:WT©^S{^bfe. 

[0 2 6 1] CiJ->:/;H) 
Ta(3)/Cu(50)/Ta(3)/PtMn(15)/CoFe(3)/Al, 0, (Y)/CoFe 
(5)/Ta(3)/CoFe(3) 

(■9->^;i/2) 

50 Ta(3)/Cu(50)/Ta(3)/NiFeCr(4)/PtMn(15)/CoFe(3)/Al, 0 
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, (Y)/CoFe(5)/Ta(3)/CoFe(3) 
[0 2 6 2] Al,0,(Z>mmY&, RA#lkfl,u 

mm&iitzzmmt bfe. znt><D&mm* i o koe© 
mm*. 2 6 o-c-fcHMoau yv^7-f-^t 

^HigtfO. 2x0. 6/zm' t^Sid^^-y-StC 

oo*c, so^-ommmo^ MR%mfetzzt*m*) 

ilbfe. 10 
[0 2 6 3] U->7VHT*fciu ^AnXitmOMRB:3 
0%T-4 0 0*C©?IWSUll|ga-C-l 2%$T*a£'J>U 4 

o o'cogMin^Eig-eiii o%gs*-e<gTbfc. - 

3Sr % 1t>7';i/2fli> ^i03lit^OMRH:3 0%f4 
0 0^©$tMm[IJ@T-2 0%i;T-M , J>U 4 0 0*C© 

»s2inB-eH:i 9%as*T-<gTbfco assays 

fSM££5*bfe. *fe#fc£^tttt©T:«lJifcNiFeCr& 
fflvfe-iJ^TVi^ffciu MR©&<b#4>&*»ofeo 20 
C«*fetf>7Vi/T-il^fei:cr3, 
ft$>nm®X'<DWffi&&4: 5 0*CfI«T*;&S 

ofc, *fe, ^(Dmtik&tfizm^tciiz^ am©s& 

[0 2 6 4] C^Sfi^J 2 5) v^*hP>*^y*y> 

Sl/L 
[0 2 6 5] (tf->:/;H) 
Ta(3)/Cu(50)/Ta(3)/NiFeCr(4)/PtMn(15)/CoFe(3)/Eu 30 
(0.9)/CoFe(3)/Al(0.4)-0/Al(0.3)-0/NiFe(5)/Su(0.9)/ 
NiFe(3)/Ta(3) 

Ta(3)/Cu(50)/Ta(3)/NiFeCr(4)/PtMn(15)/CoFe(3)/Eu 
(0.9)/CoFe(3)/Al(0.4)-0/Al(0.35)-0/NiFe(5)/Ru(0.9) 
/NiFe(3)/Ta(3) 
(tf>7VI/3) 

Ta(3)/Cu(50)/Ta(3)/NiFeCr(4)/PtMn(15)/CoFe(3)/fiu 
(0.9)/CoFe(3)/Al(0.4)-0/Al(0.3)-0./NiFe(5)/Eu(0.9) 
/KiFe(6)/Eu(0.9)/MiFe(5)/Al(0.4)-0/Al(0.3)-0./CoFe 40 
(3)/Ru(0.9)/CoFe(3)/PtMn(15)/Ta(3) 

Ta(3)/Cu(50)/Ta(3)/NiFeCr(4)/PtMn(15)/CoFe(3)Au 
(0.9)/CoFe(3)/Al(0.4)-0/Al(0.3)-0./NiFe(5)/Ru(0.9) 
/MiFe(3)/Cu(5)/NiFe(3)/Ru(0.9)/NiFe(5)/Al(0.4)-0/A 
K0.3)-0./CoFe(3)/Ru(0.9)/CoFe(3)/PtMn(15)/Ta(3) 
(it>7";i/5) 

Ta(3)/Cu(50)/Ta(3)/NiFeCr(4)/PtMn(15)/CoFe(3)/Ru 
(0.9)/CoFe(3)/Al(0.4)-0/Al(0.3)-0./NiFe(5)/Ru(0.9) 
/NiFe(3)/Cu(5)/NiFe(5)/Ru(0.9)/NiFe(3)/Al(0.4)-0/A 50 
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K0.3)-0./CoFe(3)/Ru(0.9)/CoFe(3)/PtMn(15)/Ta(3) 
idT-CoFett, ConFe,.*, NiFett, Ni, ,Fe, , £fflV\ 
fe„ *feNiFeCrJi N Ni, , Fe, , Cr, , , PtMnliPt, ,Mn, , 
Vfe. 

[0 2 6 6] *fcAl(0.4)-0/Al(0.3)-0i:tt, Al£ 0 . 
4nm^It, lOOmTorr, 1 #©&3&#ffl^ff> 
t»fl3**fc«» ££fcAl£0. 3nmJ5KM^ 100 
mTorr, l^^»Hft-C»fcbTf&Sl/fcAliO 
. (hV^SfrfclJl) £jgci*bTOSo Al(0.4)-0/A 
l(0.35)-0t>|B|«{c:^n-?tvCDMff©AlSJ5KJK^l 0 0 
mTorr-CiilftlL ft, dfte>©Stfblfe{*tts &fb 
B5Pi3# 1 ^SST-$ S*§^N lOmTorr CDffi^j^ 

6 0 OmTorr©EE**T% *&&HttMe>;ix& 
*»-pfeo 

[0 2 6 7] ©#JBffi|£ 5 kOe©^*, 280 

'cx-mmm^ Eztyxhwy^y-f-zm^xn 

^SUtfO. 8xl. 2 Am' »C55:SJ:-5{3^-y-Mlc^ 
ifflAnibfe. JHH&liig£BJ&^ ±gB«ffi£Jfcj£U 

«iassKafiS^£«tsR?fc bfe. 

[0 2 6 8] cne»©^©ft^rfiJ{ca#&* > ltMR 
^SU^bfe^^, £T«D*?*»MK#fc43V*TJ*F. 
>W 1 mVm&X-Wfc-tZ k.V>7)\sl #4 0 

%> y->7)is2ifi4 3% % y-is7;u3, ^>r;v4sv 

*>^5m?tl3 9%, 4 0%, 4 2%g«CDM 
R£^bfe„ *fel^^^W7'^S5 0 OrnVmST-iBI^ 
tsi:, 1*>:7;H#2 3%, •y->r;i/2* J 2 0%t% 
;W7;M&#fc:£t)GU£*&SbT^3o — 3\ U-^T";!/ 
3, 4#tf5tt35%, 36%, 3 5%ffeo&. 
^©RAiitJ->7MiS3 0Q / um\ -y->:/;i/2*s 
7 0Q^m\ V>y)V3, 4, 5 #6 0 Q/zm' fifc^ 
fc. ^>7";i/3, 4M5fflRAI±, 1*>7VH fcJt-< 
fg©fit£^U ?6t< 5 0 0mV©i|/H7^icijlt 
£MR{Z=gb^&g#a*£:h,.5o CftHU ■tf>7 , ;i/3 x 
4 5 & 2 o© b >*;i4ft*ijf #ifi?!Jfc:jg«l£ tit w 
£fc«>i:#2.6*l,5. £%1Z?>-7J\,3, 4RW>7 

yjV5, V>yjV4, ^>7";i/3©JIBC^ffi*sS*»o 
fe. cntt^gP^t^bT^-TS, Al,0,i£fit©B£ 
t>">7Vl'3T*B:S^fc:|&&U E.o5FffS^ 

ofc^^^bipiiK&fT^ctwu *>:7>4-c#»tt 
mmm^**). ^a5^#tcMbTjs&^i--5^tt^jiK© 

Lxm *) mws.\^m.w-ft*<&i fe $ tmitm 

i:#T-§Sfe«>fc, SH&^^-ASS'J^b 
fefe«)t-feSi:©t)tiSo £fe, £fe^>7>4|;fefci: 
it>7";u5©^-CN HI 7tc^-TJ:^3S:2«^-gc* 
^{c«t5»^a^Si$rfT-pfei:^5x ls]-«t&*fi 
ffi.X\ ii^MR£f#fe©ttCu©JP^#2. 6nm~5 0 
nmT-$»ofeo *feCuW.^, Ah TiN., TiWN, CuAU Cu 

AiTi, Ag, au, ?m(Dm.if!mn&mmtt®ti,xm^*> 
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[0 2 6 9] {m&M2 6) v^*hD>*/ty*y> 
^i£lc<fc »)Si&^ba«±fcWT©fit?£f£§gbfe. 

[0 2 7 0] (#>rjH) 
Ta(3)/Cu(500)/Ta(3)/NiFeCr(4)/PtMn(15)/CoFe(3)/Ru 
(0.9)/CoFe(3)/Cu(5)/CoFe(l)/NiFe(3)/Eu(0.9)/NiFe 
(3)/Ta(3) 

<■*>•> 7> 2) 

Ta(3)/Cu(500)/Ta(3)/NiFeCr(4)/PtMn(15)/CoFe(3)/Ru 
(0.9)/CoFe(3)/Cu(10)/CoFe(l)/NiFe(3)/Ru(0.9)/NiFe 10 
(3)/Ta(3) 
(-y->>Ob3) 

Ta(3)/Cu(500)/Ta(3)/NiFeCr(4)/PtHn(15)/CoFe(3)/Eu 
(0.9)/CoFe(3)/Cu(5)/CoFe(l)/NiFe(3)/Ru(0.9)/NiFe 
(6)/Eu(0.9)/NiFe(3)/CoFe(l)/Cu(5)/CoFe(3)/Ru(0.9)/ 
CoFe(3)/PtMn(15)/Ta(3) 
(-tf->7>4) 

Ta(3)/Cu(500)/Ta(3)/NiFeCr(4)/PtHn(15)/CoFe(3)/Ru 
(0.9)/CoFe(3)/Cu(5)/CoFe(l)/NiFe(3)/Bu(0.9)/NiFe 
(3)/Cu(5)/NiFe(3)Au(0.9)/NiFe(5)/CoFe(l)/Cu(5)/Co 20 
Fe(3)/Bu(0.9)/CoFe(3)/PtMn(15)/Ta(3) 

Ta(3)/Cu(500)/Ta(3)/NiFeCr(4)/PtMn(15)/CoFe(3)/Hu 
(0.9)/CoFe(3)/Cu(5)/CoFe(l)/NiFe(3)/Bu(0.9)/NiFe 
(3)/Cu(5)/NiFe(5)/Ru(0.9)/NiFe(3)/CoFe(l)/Cu(5)/Co 
Fe(3)/fcu(0.9)/CoFe(3)/PtMn(15)/Ta(3) 

[0 2 7 1] CCT-CoFett, Co, , Fe, , NiFefct, Ni,. 
Fe,,£ffl<,%fe. ^feNiFeCrfi, Ni, , Fe, , Cr, , , PtMnttPt 
..Mn,, ^ffll^fe. 

[0 2 7 2] dfte>©#Jlffil& 5 k0eCD&»*K 2 80 30 

^mm&O. 5x0. 5>tzm'fc:fc3<};3K;<-y-M£«» 

mmmmmmfstetfim^t bfe. 

[0 2 7 3] cne>©^?©«^*ffiJlC^**»^MR 

-9->r;i/2*si 5%, -y->r;i/3, t>7;MW 

•if>r;b5*s^n^n4 9%, 4 7%, 4 2%gS©M 
RSr^bfc. •9">7';i/3, 4SVy->7;i/50^SSBKISl 40 

;i/4, ■^^■>7•;^3©Jlit?^^!|;^4ASiSv^c:i:*st>^ofc. 

[0274] (mmm2 7) vy*hD>^»*'j> 

£ ») Si3&&{bfi«±lc «TO^? £f£S! bfe. 
[0 2 7 5] Ta(3)/Cu(50)/Ta(3)/NiFeCr(4)/PtMn(15)/ 
CoFe(3)/fiu(0.9)/CoFe(3)/Al, 0, (Y)/NiFe(5)/Bu(0.9)/N 
iFe(3)/Bu(0.9)/NiFe(5)/Al, 0, (Y)/CoFe(3)/Bu(0.9)/Co 
Fe(3)/PtMn(20)/CoFe(3)/Eu(0.9)/CoFe(3)/Al, 0. (Y)/Ni 
Fe(5)/Ru(0.9)/NiFe(3)/Ru(0.9)/NiFe(5)/AL 0. (Y)/CoF 
e(3)/Ru(0.9)/CoFe(3)/PtMn(15)/Ta(3) 50 
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ddT-CoFeldu Co,,,Fe,,£, NiFefciu Ni, , Fe, , fcfflV^ 
fe. £feNiFeCrtt, Ni, , Fe, , Cr, , „ PtMnJiPt, , Mn, , 
V%fc. A1,0,©JBU*YBU RAW 1 ktJ/zmgS 

i:£SKJPi:bfe. 

[0 2 7 6] £ ft 6 ©£•»&£ 5 kOe©&t§t|i x 280 

^ ffi«t# 0 . 5x0. 5jum' fc£5«fc-5fc;*ti-3lfc:$t*ffl 
Anxbfe. JflMNUlfcJIgAtk ±MM«JBi&U & 

[0 2 7 7] Cft&©SR?©S^j5Ffi|fc«*fc*»ttMR 
£S!l5£bfefc;r5, £T©*?T?»ffl8fft:*v*T*? 
^.7-^*lmVSaE-C«jg^-*klf>r^l*i4 1% 
5 0 0mVT-©«I^{±4 0%, 1 VT-©aiSfc£ 

fc>A»ofe. 

[0 2 7 8] GfcK092 8) 

Ta(3)/Cu(50)/Ta(3)/NiFeCr(4)/PtMn(15)/CoFe(3)/5u 
(0.9)/CoFe(3)/Al,0,(Y)/NiFe(2)/Ta(3) 
(•9->7VI/2) 

Ta(3)/Cu(50)/Ta(3)/NiFe(2)/Al, 0, (Y)/CoFe(3)/Ru(0. 
9)/CoFe(3)/PtMn(15)/Ta(3) 

Ta(3)/Cu(50)/Ta(3)/NiFeCr(4)/PtMn(15)/CoFe(3)/Bu 
(0.9)/CoFe(3)/Al, 0, (Y)/NiFe(2)NiFeCr(4)/Ta(3) 
(+J->7Vl/4) 

Ta(3)/Cu(50)/Ta(3)/NiFeCr(4)/NiFe(2)/Al, 0, (Y)/CoFe 
(3)/Bu(0.9)/CoFe(3)/PtMn(15)/Ta(3) 

[0 2 7 9] ddTrCoFeii, Co,,,Fe,,& % NiFett, Ni 
iiFeiiftfflV»&. £fcNiFeCrtt % (Ni, ,Fe, , ), i.-iCr 
, £> PtMnttPt, ,Mn» , £fflV>fe. ft*, Al, 0, CDM»Y 
8U R A # 1 k Q /z mmm t £ SBUP h b fe. 

[0 2 8 0] ZtlZO&mm* 5 kOe©ft«(k 280 

X?lSttP0. 3x0. 9//m' fc&5«fc-5lC*-?Sfc: 
«ffliPXbfe. MNII6iUK&J£jA& ±3BS«S£fl5EK 
U ££tt%£tt£U&ttX? i: bfe. 
[0 2 8 1] ^n&©^©fi^fSj{C^^A>ltMR 
£8!|j£bfei:£;5, ^>7 , ;n*5«ttf^>7 , ;v2fa:>N 

K>^^s©MR*»aw*nr, cnau mtftsej: 

3NiFeJB©«£lfcJgfr*t5. — ■0->7>243J:tP!*' 
>7>3ic:fcV>Ttt3 0%ISOMR^f?,nt. * 
ICs (Ni, , Fe, , ), , , . ,Cr, -CX&KflsSttTNtfei: d 
5, XK>A;i,:7M©MR#f#£ftfe©fcfcX#5 OfilT 
©^T-feofe. fib, X**l OttTTttl«btl<!>Jff^«> 
« b < x ~ftfc£NiFeCr©^{b#;*;g < rj £8jf£SJg* 
bfefe©T*fe5. C©^?©NiFeCr©ttffl8tfbttftl 
0. 2TT*&ofe. *feX#2 5-CfiW8njttJ5S«D 
h&ofe. |iI«l^*B:CrCDffe, Mo, WT?fc#&ftfe. * 
fc^afi«T?tta*«ttJi* , #JI'C, iSJEEMi, , Fe, , CD 
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m-S&TjiVtzifi, Ni,,Fe,,T-tt, (Ni,,Fe,, ),,,-, (Cr, 
Mo, W), N SfcCo,«Fe,iT?l£(CoMFeM)ni-i (Cr, Mo, 

w), 4 i e>3itinsia52s*)oy^v7TST-?n-? , n© 
smmftmnnmim (4~ 1 nmgi) ©mr*h£© 

[0282] (mmm2 9) vy*bo^»*ij> 

Slit. 

[0 2 8 3] (■y->7';n) 

Ta(3)/Cu(50)/Ta(3)/CoFe(1.25)/Ru(0.8)/CoFe(2.25)/A 10 
1. 0, (Y)/CoFe(3)Au(0.9)/CoFe(3)/PtMn(20)/Ta(3) 

Ta(3)/Cu(50)/Ta(3)/CoFe(1.5)/Ru(0.8)/CoFe(2.5)/Al, 
0, (Y)/CoFe(3)/Ru(0. 9)/CoFe(3)/PtMn(20)/Ta(3) 

(U->77i/3) 

Ta(3)/Cu(50)/Ta(3)/CoFe(2)/Eu(0. 8)/CoFe(3)/Al 0 
, (Y)/CoFe(3)/Bu(0. 9)/CoFe(3)/PtMn(20)/Ta(3) 

(*>7 , ;i/4) 

Ta(3)/Cu(50)/Ta(3)/CoFe(2)/Ru(0. 8)/CoFe(4)/Ru(0. 8) 
/CoFe(3)/Al, 0, (Y)/CoFe(3)/Ru(0.9)/CoFe(3)/PtMn(20) 20 
/Ta(3) 

Ta(3)/Cu(50)/Ta(3)/CoFe(3)/Ru(0.8)/CoFe(5)/Ru(0.8) 
/CoFe(3)/Al, 0, (Y)/CoFe(3)/Ru(0.9)/CoFe(3)/PtMn(20) 
/Ta(3) 

ddUCoFefciu Co,,Fe,, ^fflV^fc. 
[0 2 8 4]&i\ Al, 0, ©Jglff Ytt s RAtflOOfl 

umm&iitiizmmtisfco cifte>©^jiigs£5koe© 

ft*** 2 8 O'CT-mmis, EB£7*hVW77 
-i—Zm^xm^ffimitO. lxO. 2/*m'fc:56£SJ; 30 

[0 2 8 5] &m\,*im : F®.&-^><D&mm£~2% 1 o 

*«iJ^bfci:C5> Mft©ff^©«£fbH!|£8S|?. 

2oo-cji<tv3oo , c$f±#aft, 2 4mmmm. 

*s 2 o o -cr- > yjv 1 T- tt> 2 fl©^**^© 
^t'JWofctf, *©fk©1f>:7;M£»J»M ; E';£& 
ofco 3 5 ^>7-;nT-0:4sy, 

[0 2 8 6] W±©^i:^e,, 'J>tt<bt)3&M&m% 
fcFe.O, £ffl^fei:£li'J>&< fc%> 1 0 nm&LUMtC 50 
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[0 2 8 7] :£T©li?^T-gS®#fc:}3^T^^W 7 
lmVgS-e«!l^-r5i:^>r;i/1^4 0%, tJ-> 
7Vi/2#4 3%, > 3 . +f>7-;MMU->7;i/ 

5#**veft3 9%, 4 0%, 4 2%fIK©MR§^l, 
V>7JU1 #2 3%, >7Vl/2#2 0%Tn AWT* 

tt#tj:DeK*«UT^*. -y->:7-;i>3> 4& 

V5fcfc35%, 36%, 3 5%f*ofc„ -e^OR 
AfcttJ->:7VH#3 0 Q/zm\ V > 7)l> 2 ifi 7 0 Q /t 
m\ V>7n>Z^ 4 N 5*5 6 0 Qyum'T'feofeo -y-> 

^;i/3 N 4M5©RAii, v>7;n tzit^mvm* 

5 0 0mVCD||/H77t:i5lt5MRfc 

&2^(Dh>*)mmm&mmizigmi*tiT^ztziit>£ 

itftttMRKM VX fog-t 5 „ Al, 0, ifi^©fi£a<&l 
*&fb[H££fT -5©{w*fU -y>7Vl/4T-|ft&l£3MWf 

M >> £-58^b#2v> trS¥frS«r> £ * £&tfb[lte£fT 

t-fe5i:St)ns. *fe-9->7";i/4$fcl4-y->r 
;i/5©fl|j&T-, HI 7£*vr«k-5fc2mifiE-g(#a;fc«fc 

?^MR£f#fc©fcj:Cu©S:3<*#5 0 nmJWT©*§-&T?& 

[0 2 8 8] &L±<D fc*gSi&i4Jf £ 

#fl®T-fci£oFe£^£#Jf£ffi^fc 
^ NiFe&fflV»;fc#|)&T-tt4>£ < i: 7 nmtll, $ 
KFe,0, Sfflv>fci:§H:Aj»5:< fc*, l o nmjyJu&gT- 

[0 2 8 9] 

[«B^©^j*] *^H©SiSSmMiS3^ln;^?lC«t 

MUZMR A M^©SS^,^ ^ U —(Dm # ii^^gS^ig 
®> S^fcilSiJf&ftfcJU MRAMSr^Sgt-SCMOiS-^ 
ia^©1tttn7^^&ai$iJl-S/i?^ hT--;i/iaK©|qi 
±tfRrtlt^cSi:^^a^*A J fe5 0 £©*Sm> HDD, 
^^-f^^> DDS*c if ©SS^,t3Sim©ia^^SlqI 

±> try hi^-n- h©rsi±t:«j*tfjfe»), 

MRAM©Jt5®JfiYbi:, MRAM©®^R«^bld^I* 
^^5. *fc^P©SB|S«ES^JgtftSR?feffllVfc 
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mil %»w<o%m&mmmmMm>--m&<D 
[02] (a) (b) ti> (.mmmi) <dv>7)ud 

[03] (a) (b) (.mmmi) <D^yy)uz> 
©m r mm^-rmx- & s . 
[04] (a) (b) tt> (.mmmi) ©-y->7;w3> 

[05] e £&£Srt©^«&*§tc*f-r s®tfb©*sg 

[06] m?m£tmti<Dm&<Dm*7ik-?wx-&?>o 
[0 7 ] ^m^mmmmmMmmm^cDmcD-m- 
^cD»fffl0-efe5. 

[08] *»ia©afim«EM^ffit^?©*fcsijiD 
— ?&*®©»f®0-e&£. 

[09] H£ffl^;*y&Ja-fe>1>-©-0!l 

s^-r»f®0T-fes. 

[0io] y^vtxX'f \*&m^tzmH-t>-y-<Dm 

#JS§Ui£7jVr0T-fc5o 
[011] MRCD^iaa^ttCD^J^^ET'feS. 

[0i2] ^nmmmmmmm^Mtfi^ zm^tc 
**v<Dm*7ji-rm (a) gftasji©^^© 

#J£*Ia N b£#UT^Ufe0 (b) ffeSo 
[013] 77»^X^ b**fflV^fc^-fe>-9-«DSU 

©^&^{ef@0-r-fe5. 

[014] (a) (b) i:*aa&t4Jg©BUWft&£ 

[0i5] *mnD#w$m»m ^mmmm?<om 
[0i6] ^B^o^^gg^m \s&m&m=?-<Dm 
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[017] #SBBJ3©#$&i$^Hi * >; ©«§$©#! 
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1 0 1 ±g&«® 
1 0 2 jMHttUR 

1 o 3 yuwmrfmm 

10 4 

10 4/0/& 

:1 0"7 

2 0 1 
2 0 2 
2 0 3. 
2 0 5 
2 0 6 
20 7 
2 10 
2 1 1 

20 2 1 2 
2 15 
2 16 
2 17 
4 0 1 
4 0 2 
4 0 3 
4 0 4 
4 0 5 
4 0 6 
30 4 0 7 
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